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FOREWORD

It gives me great pleasure to introduce the remarkable work
“Introduction to Electrical Engineering" authored by our
distinguished faculty member, Dr. Shubha Baravani. Dr.
Baravani's dedication to the field of electrical engineering
and her commitment to educating future engineers have
consistently elevated the academic standards of our
institution.

In an era where technological advancements shape our
world, this book serves as an indispensable resource. Dr.
Baravani's expertise and passion shine through in the clarity
and depth of the material presented, making complex
concepts accessible to students and enthusiasts alike.

As the President of this institution, | take immense pride in the contributions of our faculty, and Dr.
Baravani's work is a shining example of our commitment to excellence in education. | have no doubt
that this book will inspire a new generation of electrical engineers and serve as a beacon of knowledge

in the field.

Warm regards,

Dr. Rajashree Nagaraju
President

MMEC, Belagavi
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It is with great pride that | introduce the book "Introduction
to Electrical Engineering" authored by our esteemed faculty
member, Dr. Shubha Baravani. Dr. Baravani's passion for
teaching and depth of knowledge in the field of electrical
engineering shine through in this comprehensive work.

In our rapidly advancing technological landscape, a solid
grasp of the core principles of electrical engineering has
become essential. This book not only offers valuable
educational insights but also embodies Dr. Baravani's
unwavering commitment to sharing knowledge and nurturing
a profound enthusiasm for this field among both students
and passionate individuals.

Dr. Baravani's commitment to excellence in education has been an asset to our institution, and this
book is a testament to her expertise. | am confident that readers will find this book to be an invaluable
guide in their journey through the intriguing world of electrical engineering.

Warm regards,
Dr. D G Kulkarni
Principal
MMEC, Belagavi


https://en.wikipedia.org/wiki/Foreword
https://en.wikipedia.org/wiki/Foreword

PREFACE

As an author, it is both a privilege and a pleasure to introduce you to this multilingual exploration of
the fascinating world of electrical engineering. In a rapidly evolving technological landscape, the
importance of understanding the fundamental principles of electrical engineering cannot be
overstated. This book seeks to provide a comprehensive yet accessible introduction to this dynamic
field, catering to readers from diverse linguistic backgrounds.

Electrical engineering knows no borders. It is a global language that powers our interconnected world.
Therefore, it is only fitting that this book be accessible to a wide audience. By presenting this material
in multiple languages, we aim to break down language barriers and make the wealth of knowledge in
electrical engineering accessible to a global readership.

This book is organized to take you on a journey through the core concepts of electrical engineering.
Each chapter delves into a specific topic, building upon the previous ones to provide a structured and
coherent learning experience. Whether you are a student embarking on your educational journey, a
professional seeking to expand your knowledge, or simply an enthusiast eager to understand the
principles behind the technologies that shape our world, this book is designed to cater to your needs.

This book is written in multiple languages to ensure that language is not a barrier to learning about
electrical engineering. We believe that knowledge should be inclusive and accessible to everyone.

Throughout the book, we emphasize the practical applications of electrical engineering concepts,
demonstrating how they are used in various industries and everyday life.

To aid understanding, we have included a plethora of diagrams, illustrations, and examples. Visual
learners will find these invaluable in grasping complex concepts.

Creating a book of this scope and scale is a collaborative effort. I would like to express my deepest
gratitude to all the educators, researchers, and engineers who have contributed to the field of electrical
engineering. Your work has inspired this book, and I hope it serves as a valuable resource to the next
generation of engineers.

I would also like to extend my appreciation to my family, friends, and colleagues who have supported
me throughout this endeavour. Your encouragement and insights have been instrumental in bringing
this book to fruition.

In closing, I hope that this multilingual journey through the world of electrical engineering not only
equips you with knowledge but also sparks your curiosity and passion for this field. As we embark
on this adventure together, remember that electrical engineering is not just a discipline; it's a force
that powers innovation, shapes our modern world, and offers endless opportunities for those who dare
to explore it.

Thank you for joining me on this journey. Let's embark on our exploration of electrical engineering
together.

Warm regards,
Dr. Shubha B Baravani
Compiler lo,oﬁ")
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1.1 Introduction

Conventional sources of energy
Convectional energy sources are naturally present and have been in use for years. The use ofconventional
sources is done for heating, lighting, cooking, running machinery, and provision of electricity. The
examples for which include firewood, fossil fuels, and others. In addition, firewood has been extensively
used for cooking purposes in remote regions of India.
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Advantages of conventional energy sources
e Easily Available
o Efficient and good electricity conversion
e Low exploration costs
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Disadvantages for conventional sources of energy
e Time-consuming collection process
e Pollutes the atmosphere
o Destroys natural ecosystems
e Displaces local communities
e Initial set-up could be costly
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Non- Conventional energy of sources
Non-conventional sources could be obtained from sun, wind, hot springs, and others that support heat and
power generation. They are non-polluting and present in abundance within the earth’s atmosphere.
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Wind-Wind energy has been used for many years for grinding grains in mills. Although, in recent years,
it has been used to generate electricity by harnessing the energy of winds by turbines attached to substantial
capacity generators. Usually, such wind farms are located near coastal areas or mountains with the high
wind flow. In India, my desert regions, like the outskirts of Gujarat and Rajasthan, have built substantial
wind farms.
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Nuclear Power Plants- Nuclear energy is acquired from nuclei atoms that occur naturally in radioactive
sources like uranium, thorium, and others. Nuclear fuels emit power when undergone in nuclear reactors.
Globally, the USA and Europe are the largest nuclear power producers, although inlndia, uranium is found
in Jharkhand, and thorium is found in Kerala.
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Geothermal Energy- The heat acquired from the earth is geothermal energy. In many areas, hot springs
are witnessed as part of geothermal energy. The heat from within the earth has been used forgenerating
power. New Zealand, Iceland, Central America, and the USA have the largest geothermalpower plants.
India also has geothermal power plants located in Himachal Pradesh and Ladakh.
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Tidal Energy- Tidal waves also generate energy harnessed by erecting dams. The narrow dams are built
near the end of tides, where the turbines help to capture the energy. India has vast tidal mill farms at the
Gulf of Kachchh, while other countries include Russia and France.
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Solar Energy- The light from the sun is used to generate electricity by trapping the solar cells withinthe
panels. Solar energy is present in abundance although it can be only trapped during the daytime,during the
hours of intense rays. It is being used for lighting, heating, and other applications.
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Benefits of the non- conventional source of energy
» They are non-polluting
= Auvailable in abundant
= Freely available
= Low harnessing costs
= Low environmental damage
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Disadvantages of non- conventional sources of energy

« Their acquisition can be sourced only in restricted time limits like in rainy seasons tidal waveswill generate
more energy than others

« Not viable commercially

« Lower efficiency levels.
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Difference Between Conventional and Non-conventional Sources of Energy

Conventional Sources of Energy Non-conventional sources of energy
330D TPORTTIOONT SNROND 330D TOTTOONTFTROE DeONYD
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These sources of energy are also known as a non- These sources of energy are also known as a
renewable source of energy. renewable source of energy
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They find both commercial and industrial purposes.
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They are mainly used for household purposes

IRYNF S, 20D N AIN[OW
NBL3NLMON WPAOMIT
o TR ORAd! HRUMTST AR SiTdTd

These can be considered to be one of the reasons for
the cause of pollution.
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These are not responsible for the cause of pollution
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Coal, fossil fuels are two examples
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Wind, solar energy and Biomass two examples
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These sources of energy are also known as a non-
renewable source of energy
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These sources of energy are also known as a renewable
source of energy
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Commercial and Non-Commercial Energy

Commercial Energy Sources
Coal, electricity and petroleum are known as commercial energy since the consumer needs to pay itsprice
to buy them.
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Coal
Coal has historically played a significant role as an energy source in India. The country boasts an extensive
coal reserve base, with over 148,790 coal deposits. Notably, in the period between 2005 and 2006, India's
annual coal production reached an impressive 343 million tons. This places India among the world's top
coal producers, holding the fourth position globally. The coal deposits are predominantly concentrated in
states such as Bihar, Orissa, Madhya Pradesh, Jharkhand, and Bengal.
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Oil and Natural Gas
Oil is considered liquid gold and one of the crucial energy sources in India and the world. Oil is primarily
used in planes, automobiles, trains and ships. The total oil production in India was 0.3 million tons in
1950-51, which increased up to 32.4 million tons in 2000-01. It is mainly found in Assam, Gujarat and
Mumbai.

340 DI, F4ANFT IO
3,030, Wjed 23:3,23003) BWONBRIMIZTS eI, 23003 2303), FeS0IEE). FBIEONT J0H
RDPRONFE). 2,0TINT. 3,0y, PYFeNTeON )eOSNYD, WOB/INGD, BN NI,




8

BRINFS). PRI, 1950-513¢). 25933T). 2D, 340 UITTIAN 0.3 T3OF
ST NP R,3), BT 2000-013), 32.4 B3OF LT NER HDID. YT a30Vse90N €959,0, NI%TIT®
203, N0V 4SE). FOWIWTII .

o ST At arg.
dd § %4 9 9 ST 101 YRd 3f0T SATd T Tgw@qul $Holl I 3178, darel TR Wi faam,
HICRATE], Yed A0 STETSITHE dhell SITdl. YRdTd el U0l ddl SdTe 1950-51 A 0.3 GRIGE ¢ 8id, of
2000-01 A 32.4 GRIA& TAYAd dTgal. § WA 31TH, ToRTd 30T 4as Y e,

Electricity

Electricity serves as a ubiquitous energy source extensively employed for both residential and commercial
applications. It finds widespread utilization in various electrical appliances such as refrigerators,
televisions, washing machines, and air conditioning systems.
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Non-commercial Energy Sources
Energy sources that are readily accessible without monetary exchange are typically categorized as non-
commercial. Examples of these include materials like straw, dried dung, and firewood.

)L DDNONID T RILIeON Tye3CDRWTIWOE FFOD sRNRONFRY, AOe05z00N
2083285033 0T BNEETORCIONG. YIYNY CVWOBTHBNRFE). 2B, 20N AN eI,
VBITIN ZNV0TW WAINGD ACDES.

Hifad aTureamuiiREar Tes SUds Sad 3ol Wid JTHIRId: TR-HTaHd WUH Jiiehd o SIdrd.
g1 IeTeRUMHR UgT, dicseial 0T JHTOT IRUUT ARIRRSAT HTfg ATl JHTART B,

1.1.2  General structure of electrical power systems using single line diagram approach
Electric power is typically generated at a voltage of 11 kV in power stations across India and Europe.
However, there can be variations in generation voltage depending on specific circumstances. Generating
machines suitable for power stations are commonly available within the voltage range of 6 kV to 25 kV
from prominent manufacturers. Figure 1.1 shows a Single line diagram of typical electrical power system.
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Following the initial generation, the voltage is increased through a process known as voltage
transformation, commonly achieving levels of 132 kV, 220 kV, 400 kV, or even 765 kV, depending on the
distance over which the power needs to be transmitted. The choice of voltage level for transmission is
contingent on the transmission distance. In longer-distance scenarios, higher voltage levels are employed.
This voltage elevation, or stepping up, serves the purpose of mitigating I°R losses during the power
transmission. By increasing the voltage, the current is proportionally reduced to maintain constant power
transfer, resulting in a decrease in I°R losses. This phase is commonly referred to as primary transmission.
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= The voltage is the stepped down at a receiving station to 33kV or 66kV. Secondary transmission lines
emerge from this receiving station to connect substations located near load centers (cities etc.).
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The voltage is subsequently reduced or stepped down to 11 kV at a substation. At this point,
significant industrial consumers can receive their power supply directly at this voltage level.
Additionally, distribution feeders emanate from these substations, marking this stage as primary
distribution.
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Feeders encompass both overhead lines and underground cables, serving as conduits to transport
power in proximity to the load points, typically spanning distances of up to a few kilometers, where
it is ultimately delivered to end consumers.
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Ultimately, the voltage is further reduced or stepped down to the standard 415/440 volts using pole-
mounted distribution transformers. From here, it is distributed to local distributors for final delivery.

90350000, BWRLEF-a3TP0E3T )3T 305 @oeE T NP, WFATROT) a3 L

10




3, NI R,

BREPRPDRIMIET 9@ &Fedodd  415/440 3pCeEnen

QPRI R. DO, 903 IITHBNON B LD I3TTOR IIDIMIT.

= Tgct, Uid-ATde hard faavul TRImIAR aiuRe- @ileedl STURIT HH! dhal ST fdsal UM 415/440

Fleeqdd Jelt AU S, JyH, Sifar faarRomare! & wife faave i faafvd & o,

@ Generating station

20000
Fooopo00 )Y

Primary
transmission

11/132kV

{voltage is stepped up
to 132kV / 220kV / 400 kV etc. )

0000000, 132/33kV

resyoo)

Receiving Station ?

Secondary
transmission

(voltage is stepped down
to 33kV or 66kV )

—

2000000 33/11kV
TTTTE

Sub-station : :

Primary
distribution

Distribution transformer

Secondary
distribution

Industrial Consumers

\000000) 11p\//415V
S LLLLE

[

Con

Figure 1.1: Single Line

I 1]

sumers

diagram of Electrical Power System

11




12

End consumers receive their power supply through service mains lines that originate from local
distributors. The secondary distribution system is comprised of these service mains, along with
feeders and distributors, collectively ensuring the efficient delivery of electricity to end users.
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1.2 Power Generation

1.2.1 Hydel Power Generation

A hydroelectric power plant consists of various structures and electromechanical machinery designed
to convert the potential energy stored in water into electrical power. Importantly, it can operate
continuously. The amount of electrical energy it produces directly correlates with both the flow rate of
water and the height difference in elevation. Figure 1.2 below shows the detailed layout of a hydel
power plant.
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Parts of a hydroelectric power plant

1. Dam or Reservoir: This structure stores river water, creating a reservoir behind it. It establishes an
elevation difference, which is essential for energy production. Dams can be constructed from earth
or concrete, with concrete being the more commonly used material.

2. Spillways: These mechanisms release a portion of the impounded water without routing it through
the turbines. The released water can be utilized for irrigation purposes. Spillways are typically
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situated on the main dam wall, either at its top or bottom. Most of the discharged water is directed
into a plunge pool at the base of the dam to prevent erosion.

3. Water Inlets: Water inlets facilitate the entry of impounded water into the turbines via a penstock,
a large conduit. These inlets are equipped with gates to regulate the flow of water to the turbines and
grids to screen out debris like logs and branches.

4. Powerhouse: The powerhouse serves as the central facility for hydroelectric generation. Inside, it
accommaodates hydraulic and electrical equipment such as turbines, generators, transformers, as well
as control and testing rooms. Inlet and outlet gates in the powerhouse ensure that the equipment area
can remain dry during maintenance or equipment disassembly.

5. Turbines: Turbines are pivotal components that capture the kinetic energy of flowing water, causing
them to rotate around a central shaft. Hydroelectric power plants typically employ three primary
turbine types: Pelton, Francis, and Kaplan turbines, with each type designed to suit specific water
flow conditions.

6. Transformers: Transformers are electrical devices used to modulate voltage in an alternating
current circuit, while preserving the electric power. They play a crucial role in adjusting voltage levels
for efficient long-distance transmission.

7. Electrical Power Transmission Lines: These are the cables employed to transmit the generated
electricity. These transmission lines ensure efficient and reliable delivery of electricity to homes,
businesses, and industries.

Inside a Hydropower Plant
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Figure 1.2: Layout of a Hydel Power Plant
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Types of hydroelectric power plants

1. Run-of-the-River Power Plants: These hydroelectric facilities draw water directly from the river,
depending on the available flow, which is influenced by environmental conditions. The drop in
elevation is relatively small, and these power plants rely on a consistent water flow.

2. Reservoir-Based Hydroelectric Power Plants: These hydroelectric power plants utilize an
upstream reservoir created by a dam. The reservoir acts as a regulator, allowing for a continuous flow
of water through the turbines, generating electrical energy year-round. This type of plant maximizes
energy utilization and typically offers cost-effective kilowatt-hour production.

3. Pumped-Storage Hydroelectric Power Plants: These hydroelectric facilities feature two
reservoirs located at different elevations. They are operated strategically, primarily during periods of
high electrical demand. During peak demand times, water from the upper reservoir is released through
turbines, generating electricity and flowing into the lower reservoir. During off-peak hours, excess
electricity is used to pump water back from the lower reservoir to the upper one, effectively storing
energy for later use. This setup allows for efficient energy management and helps balance the grid's
supply and demand.
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Operation of hydro-electric power plant:

In a hydroelectric power plant, water is released from a reservoir and directed through penstocks
towards a hydraulic turbine. As the water flows through these channels, its potential energy, known as
water head, is transformed into kinetic energy. This high-velocity stream of water then impacts the
vanes of the hydraulic turbine, where its kinetic energy is converted into mechanical energy.

Connected to the hydraulic turbine is a generator, responsible for converting the mechanical energy
obtained from the turbine into electrical energy. The speed at which both the turbine and generator
operate depends on factors such as the water head, specific speed of the equipment, and the required
power output.

To control the amount of electrical power generated, a governing mechanism is integrated with the
hydraulic turbine. This mechanism adjusts the flow of water supplied to the turbine in response to the
electrical load on the system, thereby regulating the power output to meet demand.
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Site selection for hydroelectric power plant
The site selection for a hydroelectric power plant is a critical step in ensuring the plant's efficiency,
environmental impact, and long-term viability. Several factors must be considered when choosing an
ideal location for a hydroelectric power plant:

1. Water Source Availability: The most crucial factor is the availability of a reliable and consistent
water source, such as a river with a consistent flow rate. The flow of water throughout the year is
vital for continuous power generation.

2. Topography and Elevation: The topography of the area should provide a significant elevation drop
or head between the water source and the turbine location. A greater elevation drop allows for more
energy generation. The terrain should also be suitable for constructing the necessary infrastructure
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like dams and reservoirs.
3. Environmental Impact: A thorough environmental impact assessment is crucial. The chosen site
should have minimal negative effects on local ecosystems, wildlife, and aquatic habitats. Preservation
of biodiversity and adherence to environmental regulations is essential.
4. Geological Stability: The geological stability of the site is vital. The area should be free from
geological hazards like landslides, earthquakes, or fault lines that could jeopardize the safety and
integrity of the dam and other structures.
5. Proximity to Grid Infrastructure: The site should be relatively close to existing electrical grid
infrastructure. This minimizes transmission losses and reduces the cost of connecting the power plant
to the grid.
6.Accessibility: Accessibility for construction and maintenance is important. Remote or difficult-to-
reach locations can significantly increase operational costs.
7.Weather and Climate: Weather patterns, including rainfall and snowfall, should be taken into
account as they can impact water availability and seasonal variations in energy production.
8.Land Use and Ownership: Legal and land-use considerations are essential. The land required for
the power plant and reservoir should be available for purchase or lease, and all necessary permits and
approvals must be obtained.
9.Social and Community Considerations: Consultation with local communities and stakeholders is
crucial. A power plant can have a significant impact on local communities, so their input and concerns
should be taken into account.
10.Economic Viability: The overall cost of constructing and operating the hydroelectric power plant
should be economically feasible and competitive with other energy sources.
11.Water Quality: Consideration of water quality and potential contamination sources upstream of
the plant is important to ensure the long-term health of the ecosystem and the plant's equipment.
12.Regulatory and Legal Framework: Understanding and complying with local, state, and national
regulations and permitting requirements is essential for a successful project.

In summary, the site selection process for a hydroelectric power plant involves a thorough evaluation
of technical, environmental, economic, and social factors to ensure that the chosen location is both
suitable and sustainable for long-term energy production.
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1.2.2 Nuclear Power Plant Layout
In a nuclear power plant, heat energy is generated through a process known as nuclear fission, where
heavy elements like Uranium or Thorium undergo controlled nuclear reactions within a specialized
apparatus called a nuclear reactor. This nuclear fission process produces a substantial amount of heat
energy. In most aspects, the structure and operation of a nuclear power plant closely resemble that of
conventional thermal power plants.
One distinctive advantage of nuclear power plants is the remarkable energy output achieved with a
relatively small amount of nuclear fuel. For instance, the fission of just 1 kilogram of Uranium can
yield as much heat energy as the combustion of 4,500 tons of high-grade coal. This efficiency
significantly reduces the transportation cost associated with fuel, a notable benefit of nuclear power.
Additionally, nuclear fuels are widely available globally, with substantial reserves, ensuring a long-
term and consistent supply of electrical energy for many generations. This feature enhances the
sustainability of nuclear power plants.
Currently, nuclear power plants contribute approximately 10% of the world's total electricity
generation, underlining their significance in meeting global energy needs.
In a nuclear reactor, heavy elements like Uranium (U235) or Thorium (Th232) undergo nuclear
fission reactions, generating a substantial amount of heat energy. This heat energy is then transferred
to a cooling medium, which can be water, gas, or a liquid metal. The heated coolant is directed
through a heat exchanger where it causes water to transform into high-temperature steam.
This high-pressure steam, in turn, powers a steam turbine as it flows through, effectively driving the
turbine. After completing its energy transfer, the steam is condensed back into water and returned to
the heat exchanger to begin the cycle anew. The steam turbine is directly connected to an alternator,
which is responsible for generating electricity. The electrical voltage produced is subsequently
increased using a transformer to facilitate efficient long-distance transmission.

In summary, a nuclear power plant
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Figure 1.3: Basic Components and Layout of Nuclear Power Station
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harnesses the heat generated by nuclear fission to produce steam, which drives a turbine connected to
an alternator, ultimately generating electricity. This electricity is then transformed for more efficient
transmission over long distances. Figure 1.3 below shows basic components and layout of a nuclear
power station.
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Basic Components of a Nuclear Power Plant

Nuclear Reactor
A nuclear reactor is a specialized device designed for the controlled initiation of nuclear fission. Due
to the radioactive nature of nuclear fission, reactors are encased within protective shielding. Nuclear
fission involves the splitting of heavy atomic nuclei, a process that releases an immense amount of
energy. This fission is achieved by directing slow-moving neutrons at the nuclei of heavy elements.
During nuclear fission, not only is energy liberated, but additional neutrons are also emitted, which, in
turn, can induce the fission of adjacent atoms. This creates a chain reaction, which, if uncontrolled,
can lead to a potentially hazardous explosion. To manage this, a nuclear reactor comprises several
essential components, including fuel rods, control rods, and a moderator.
Fuel rods are equipped with small, circular fuel pellets, typically containing uranium. Control rods,
often made of cadmium, serve to absorb neutrons and can be inserted into or withdrawn from the
reactor to regulate the chain reaction. Additionally, a moderator, which can be either graphite rods or
the reactor's coolant, plays a vital role in the process. The moderator serves to decelerate neutrons
before they collide with the fuel rods, thus facilitating the controlled fission process.
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Two widely employed types of nuclear reactors are:
1. Pressurized Water Reactor (PWR):

PWRs utilize ordinary water as a coolant. To prevent boiling, the coolant (water) is maintained at
extremely high pressures. The heated water is then directed through a heat exchanger, where it heats a
secondary coolant loop, converting it into steam. Importantly, this secondary loop remains entirely free
from radioactive materials. Additionally, in a PWR, the coolant water also serves as a moderator. Due
to these advantages, pressurized water reactors are the most commonly adopted type.

2. Boiling Water Reactor (BWR):

BWRs operate with a single coolant loop, where water is allowed to boil within the reactor itself. The
resulting steam flows directly from the reactor and drives the steam turbine. However, a notable
drawback of the BWR design is that the coolant water comes into direct contact with both the fuel rods
and the turbine. This raises the potential for radioactive contamination on the turbine, which is a
significant concern associated with BWRSs.

In summary, these two prevalent nuclear reactor types differ in how they handle coolant and steam
generation, with PWRs using a dual-loop system to isolate radioactive materials, while BWRs have a
single-loop design with potential radioactive material contact concerns.
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Heat Exchanger:

In the heat exchanger, the primary coolant transfers its heat to a secondary coolant (typically water).
This process results in the conversion of water from the secondary loop into steam. It's essential to note
that the primary and secondary systems operate as closed loops and are strictly isolated from each
other. This design ensures that the secondary system remains free from any radioactive materials.
However, it's important to mention that boiling water reactors do not include a heat exchanger.
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Steam Turbine:

The generated steam is directed through a steam turbine, and its force drives the turbine's blades,
causing it to rotate. As the steam flows through the turbine, its pressure gradually decreases, and it
expands in volume. The steam turbine is mechanically connected to an alternator through a rotating
shaft.
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Alternator:

The steam turbine's rotation drives the shaft of an alternator, which is responsible for generating
electrical energy. The electricity produced by the alternator is then transferred to a step-up
transformer, a device used to increase the voltage for more efficient long-distance transmission.
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Condenser:
After the steam has completed its work in the turbine, it exits the turbine and is converted back into
water within a condenser. The cooling process is achieved by passing the steam through a separate
cold water loop, allowing it to condense into liquid form.
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Site Selection for Nuclear Power Plant
Site selection for a nuclear power plant is a highly meticulous and regulated process due to the unique
safety and environmental considerations associated with nuclear energy. Here are key factors and
considerations in choosing a suitable site for a nuclear power plant:

1. Geological Stability: The chosen site must be geologically stable, free from seismic hazards, active
fault lines, and potential geological instability. Geological surveys and studies are conducted to assess
the site's stability.

2. Distance from Population Centers: Nuclear power plants should be located at a safe distance from
densely populated areas to minimize risks in case of accidents or emergencies.

3. Proximity to Water Sources: Nuclear plants require a significant and reliable water source for cooling
purposes. Thus, they are typically located near rivers, lakes, or coastlines.

4. Cooling Water Availability: Sufficient cooling water must be available year-round to prevent
overheating of the reactors. Water scarcity or seasonal variations in water availability can affect plant
operation.
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5. Environmental Impact: Comprehensive environmental impact assessments are conducted to evaluate
the potential impact of the plant on the local ecosystem, including wildlife, aquatic habitats, and
vegetation.

6. Emergency Response Infrastructure: Adequate infrastructure for emergency response and evacuation
plans must be in place. This includes proximity to medical facilities and transportation routes.

7. Security Measures: The site should have robust security measures and be well-protected to prevent
unauthorized access, terrorism, or sabotage.

8. Access to Transportation: Nuclear power plants require a steady supply of fuel, components, and
personnel. Adequate road, rail, and port access for transportation is essential.

9. Local Climate and Weather Patterns: Climate conditions and weather patterns in the area should be
suitable for safe plant operation. Extreme weather events, such as hurricanes or floods, need to be
factored into the design.

10. Regulatory Approvals: The site must comply with all national and international regulatory
requirements and permits. Regulatory agencies assess safety, environmental, and security
considerations.

11.Public Opinion and Local Support: Public acceptance and support from the local community are
crucial. Public hearings and engagement processes are often conducted to address concerns and gather
feedback.

12.Availability of Skilled Workforce: A skilled labor force and educational institutions for training
nuclear personnel should be available in the region.

13.Grid Connection: Proximity to electrical grid infrastructure is necessary to efficiently transmit the
generated electricity.

14. Emergency Planning Zones: A defined emergency planning zone (EPZ) is established around the
plant site, which outlines evacuation plans and emergency response procedures for surrounding
communities.

15.Natural Resource Conservation: Protection of natural resources, including water bodies and wildlife
habitats, is a priority.

16. Long-Term Considerations: Considerations should extend to the long-term management of
radioactive waste generated by the plant.

Site selection for a nuclear power plant requires a thorough and systematic assessment of these factors
to ensure the safety, security, and sustainability of the facility while minimizing environmental impact
and addressing the concerns of local communities and regulatory authorities. It's a complex and
rigorous process that involves multiple stakeholders and extensive planning.
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1.2.3 Solar Power Plant

A solar power plant functions by capturing the energy of sunlight through photovoltaic cells. When
sunlight hits these cells, numerous photons interact with the silicon material, leading to the separation
of electron-hole pairs, thus generating electrical energy. These separated electrons are propelled from
the positive (p-type) region to the negative (n-type) region of the cell, thanks to an electric field
established at the cell's p-n junction. To enhance this electron movement, the cell's diode is reverse-
biased, strengthening the electric field and allowing electrons to flow through an external circuit,
resulting in the creation of an electric current for each individual cell. Multiple solar cells are combined
within solar panels to maximize energy production, and these panels are interconnected to form a solar
array, significantly increasing voltage output. To ensure a consistent power supply even during periods
of low sunlight or at night, the electricity generated by the solar panels is stored in Lithium-ion
batteries, serving as an energy reserve that can release stored electricity as needed. Figure 1.4 shows
layout, basic components and working of a solar power plant.
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1: Extra power is sent to the utility company.
2: Power from the utility company when needed .

Solar Cells Bulb
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Solar Panel
Sunlight excites the solar panel =
electrons and produces direct current |

Working of Solar Power Plant
Figure 1.4: Layout, basic components and working of a solar power plant
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1.2.4 Wind Power Plant

Wind power plants consist of an assembly of wind turbines, which can be of either horizontal or vertical
design. These individual turbines capture kinetic energy from the wind and are linked to a central
facility. Functionally, a wind turbine operates in a manner akin to a typical turbine, converting the
kinetic energy of wind into mechanical energy. These turbines are carefully engineered, with specific
attention to the proportion of blade length and height.

Wind power plants stand out as a significant source of energy generation, boasting a lifespan of over
two decades. They typically necessitate maintenance every six months to ensure their optimal
performance. It's worth noting that wind turbine power plants exhibit an overall efficiency range of
20% to 40%.
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Working of Wind Power Plant

Underground e

Figure 1.5: Working of wind power plant

The wind turbine's rotor shaft, encompassing both low and high-speed sections, is intricately connected
to a gearbox. This gearbox plays a crucial role in transforming the relatively slow rotation speed of 30
to 60 rpm into the much higher range of 1000 to 1800 rpm. This conversion is accomplished through
the use of gears, serving as the mechanical energy transmission mechanism. These optimized speeds
align most effectively with the generator's requirements for generating electricity.

When the rotor of the turbine rotates, it imparts its motion to a generator via this gearbox setup, thereby
enabling the generator to generate electrical energy. Wind turbines come in various sizes, spanning
from 100 KW to as massive as 36 MW, with a predominant presence in offshore applications.
Presently, engineers are even pushing the boundaries by designing wind turbines with a remarkable 10
MW capacity.
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Components of Wind Power Plant Wind turbine components encompass a range of
specialized parts and functions, each contributing
to the efficient generation of electricity. Figure 1.6

% 2 shows basic construction and working of a

WL g/ o Blade windmill.
§ \ 1.Blades: Typically constructed from fiberglass
& 2??\,7' ‘ or balsa wood, most wind turbines are equipped

"~ Rot with either two or three blades.
| 2.Rotor: This comprises the blades and the hub,
l, : working together to spin the rotor. The rotor is
connected to a shaft,
Wind Turbine

which transfers the torque it generates
Figure 1.6: Construction and Working of Windmill to the gearbox.

It also facilitates pitch regulation to optimize power output and control, and its speed can vary to
maximize aerodynamic efficiency.

3.Pitch Mechanism: Adjusts the blade angles to steer them out of the wind, controlling rotor speed
and preventing rotation in excessively high or low winds that cannot generate electricity effectively.
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4. Brake: A braking system, which can be applied aerodynamically, electrically, or hydraulically, is
employed in emergencies to halt the rotor. It serves to shut down the turbine if strong winds threaten
the turbine's internal components.

5. Low-Speed Shaft: The rotor imparts motion to the low-speed shaft, rotating at around 15 to 30 rpm.
This shaft is connected to the gearbox, which links it to the high-speed shaft and increases rotational
speeds from 15-30 rpm to approximately 1000-1800 rpm, the speed required by most generators to
produce electricity. This gearbox is a substantial and costly component of wind turbines.

6. Generator: Typically, an induction generator, it produces 50-cycle AC electricity.

7. Controller: Initiates the turbine at wind speeds ranging from about 8 to 16 mph and deactivates it
around 55 mph to protect against potential damage.

8. Anemometer: Measures wind speed and conveys this data to the controller. The controller then
adjusts the turbine's direction, pitch, and yaw to optimize energy capture.

9. Wind Vane: Monitors wind direction and communicates with the yaw drive, ensuring the turbine
aligns itself correctly with the prevailing wind.

10. Nacelle: Positioned at the top of the tower, it houses critical components, including the gearbox,
low- and high-speed shafts, generator, controller, and brake. Essentially, it functions as the protective
enclosure for the machinery that converts wind power into electrical energy.

11. High-Speed Shaft: This drives the generator.

12. Yaw Drive and Yaw Motor: In upwind turbines, the yaw drive, powered by the yaw motor,
maintains the rotor's orientation into the wind as wind direction changes. Downwind turbines do not
require a yaw drive, as the wind naturally aligns the rotor downwind.

13. Tower: Typically constructed from tubular steel, concrete, or steel lattice, the tower's height plays
a crucial role. Taller towers allow turbines to capture more wind energy at greater heights, enhancing
electricity generation efficiency.
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1.3 DC Circuits

1.3.1 Ohm’s law

Ohm's law serves as a fundamental principle describing the connection between electric current and
potential difference. It asserts that in most conductors, the current passing through them is directly
related to the applied voltage. Specifically, Ohm's law states that as long as physical conditions and
temperatures remain consistent, the voltage across a conductor is directly proportional to the current
flowing through it.

This current-voltage relationship is expressed mathematically as:

V=1IR
In this equation, 'V' represents voltage, 'l' stands for current, and 'R' denotes resistance. Resistance is
the constant of proportionality in this context, measured in ohms and symbolized by the Greek letter
omega (Q).

1.3.1 2, dodad
20ay DO AT Wj® aNI), A0YPWs 35TAT BRI AOWTE a3y
BV ROLPRI 33 00N TOONE DSEPAIR. B, 0BINGS), 9IYNY
SNROT TBILNTVRLMIET &jad0dBey) 9T ,CNT ag@fe3£23, SCTaoN AOWORAT QOT
OR) TIWODAZET. DDER 0N BT T, P33T BOASBNYY D3I,
FOWOINE) 2,.Ce00N VP OAINRTNR, 20B/TE s a3eCe3.£2F 9T DROT
BOANET TWjad BT, 3TN L9TITOITWEA.TIZ T DO uad)y TOSRT) BEHI .
S YR, B-a3eCe3,£2F BOWOTB, NEBITI DESONE). 35T BRRCIONTI:

V =IR
BB FeAXTTRTA),, 'V' FRC3,LF 930, BEIPAIZT, 'I' DOW3 JAS, =03, R’
RSB RCF R, RRWBAIR. )3T 88 FOWPERE). INTIT A, ToNTI T,
QB WY, 9FODRMIT DI, e (Q) Q0w NFT FIDOT
ROTCIRUINMIS .




Table 1: Sample V=IR circuit & calculations
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Circuit diagram Battery Total Current
voltage resistance
ﬁ 3V 6 Q 0.5A
ﬂmﬁﬁ 6V 6 Q 1A
Jﬂﬂmmﬂ 9V 6 Q 1.5A
Gﬁ 3V 12 O 0.25A
m 6V 12 O 0.5A
‘mm 9V 12 0.75A

Table 1 above shows sample calculations for Ohm’s Law.

I RO 1 NEHAT HIANST TGAT 0T gRifdd.

DR BRERB 1 40537 D0DeDT, s30E0 €359,2500N T, 3CORIZT.

2.3.2 SitH=m fAaw

fIqgd vaTg 3l YU TR AT HaRd duiH HRUIRT STHET a8 Jayd awd B
DT B & 3 UAUTET B B Igdd dededd, I SURT fdggq dig d¢ ar]
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FlecorRl Fafird sl faRivd:, simar fFam airar @1 Siadd Wifde aRkfRud sifir aroam
UhH AT gdld, hedeadid glecsl g ATHYA IIEUN=T faggd Yargr=ar d¢ THTUMd 3.
2 IdAH-Elees o MO Ugd ad el o
V=IR
T FHIBRUMG, V' Fleed aidd, ' TgUre! faggd WaTg, 31T 'R’ 81 UiddR &xiadl. WideR g1 a1
TeHTd aTufaeaar RRIS 3ig, ST siHaed Hietenm offdl ST Wes 3feR AT (Q) §R

ERIERENIESIR

1.3.2 Kirchhoff’s laws

Gustav Kirchhoff formulated a set of principles governing the preservation of electrical current and

energy within circuits, collectively referred to as Kirchhoff's Voltage Law (KVL) and Kirchhoff's
Current Law (KCL).

~— Nodes —
R, R,
—MW— AW
«— Branch —»
i3
Vi R, R,
1 ;
MWW

Figure 1.7 Nodes, branches & branches in a circuit

¢ Kirchhoff's Current Law, also known as Kirchhoff's First Law or the Junction Rule, stipulates that the
total current entering a junction within an electrical circuit is equal to the total current exiting that
junction.

¢ Kirchhoff's Voltage Law, also referred to as Kirchhoff's Second Law or the Loop Rule, asserts that
the sum of voltages encountered around a closed loop in a circuit is equal to zero.

Kirchhoff’s First Law or Kirchhoff’s Current Law

The total current entering a junction or a node is equal to the charge leaving the node as no charge is
lost.

In the figure 1.8, the “s Iy, I, andlsentering the node is considered positive, likewise, the currents
I, and I5 exiting the nodes is considered

negative in values.
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Currents entaring the node
equals
current leaving the node

currents
l,u_”

L+L+L+(l,+-)=0
Figure 1.8 Branch Currents at the Node=0

This property of Kirchhoff law is commonly called Conservation of charge wherein,
I(exit) + I(enter) = 0.

Kirchhoff’s Second Law or Kirchhoff’s VVoltage Law

The voltage around a loop equals the sum of every voltage drop in the same loop for any closed network
and equals zero.

When you begin at any point of the loopand continue in the same direction, notethe voltage drops in all
the negative or positive directions and returns to thesame point. It is essential to maintain the direction
either counterclockwise orclockwise; otherwise, the final voltage value will not be zero. Figure 1.9
shows a loop ABCDA.

A B
The sum of all the voltage
drops around the loop
IS equal o zero

VAE+VBC+\./CD+VDA =0

D
Figure 1.9 Loop Voltage in the loop ABCDA

This property of Kirchhoff’s law is called conservation of energy.
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18R USUIR |4 ST |5 YaTg IS ST,
T THRIAD.
fohragIth BRI AT AT AMHERId: Yob a8 3 TUTd sarH e,

[(exit) + I(enter) = 0.

fdtwar garT e fohar frdgiear Qe wraar

UHIEET ®leedl HIUATR] §& "cddb I A qUAA Udd Glecsl S1gedl SR ST
JRITAT SRS 3l

ST T Ul DHIVATR! [SgURA gedrd SRl ST g faRH a1q 391, deeT ¥4 TR RIS
fha1 THRIAS feRTHE Glecord Ad AT &1 A0 A feigdhs TR Sl USABTAT 3dc G-
fhal TearesTA fGRM =T IR0t 3Ta=ad 3MT8; =T, o glecs e YA BIUR AT, 3T
1.9 ABCDA U grEad.

1.3.3 Series and Parallel Circuits
In a series circuit, all components are connected in a sequential manner, allowing the same electrical
current to pass through each one. Essentially, there's only one pathway for the current to follow.
On the other hand, in a parallel circuit, the electric current has multiple routes it can take. Components
within a parallel circuit are interconnected in a way that ensures a consistent voltage is maintained
across all of them. Figure 1.10 below shoes series and Parallel circuits.

T g ¢ .
'RIES CIRCL

A L CIIMCQUIT IS MADE DY CONNECQTING THE IN PARALLEL CICLATS THE SAME TERMMINALS OF

sermues
END OF ONE DEVICE TO THE BEGINNING OF BOTH DEVICES ARE CONNECTED TOOGETHER
ANOTHER

Figure 1.10 Series and Parallel Circuits

08 D3, IR0 3T IBR;FEF N
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PR TRTIZE. eNRDLP 300N, 3R, LIIADAD) T3 2,0T3) NEIT.
N3RO0TVB, ATRVV0IZT ATEEELE), DTS @WjeIoDey) INCT NENP,,
BRBTRPIE. AO03T  ATREEFIRTNS  PETNY) TVOR T ROBVTE
BPODTY,, WINFOTOOR, ATl FRCSLET ), QSeRI)TI,
DIV T.
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3RNY ITEB 03, FeIOV03T AT NS TER 233) 1.10.

HTfereT ST JHiaR Afbeq

AT Afched e, d U SFIhiH® UgdiH siedd Sdd, S Yddb HRT J9H fagdd
TIPS, YHIGR Afbened, faggd UaTeTe 3Md AR 3ed o d U3, b, JHIGR AiheHdd
Yo 3R YHR THABIRIT TS SR DI T Farae Th Uy Glees IRl S,

3Tt 1.10 T[T HIferenT 30T THIGR Fidhe.

Ohm’s Law Practice Problems
1. What is the voltage if a resistance of 25 Q produces a current of 250 amperes?
Solution:
V =1x RV =(250) (25) V=6250 Volts
2. What is the current produced by a voltage of 240 V through a resistance of 0.2 Q?
Solution:
I=V+ R | = (240) + (0.2) 1 = 1200 Amps
3. What voltage is necessary to produce a current of 200 amperes through a resistance of 100 Q?
Solution:
V =1x RV =(200) (100) V=20,000 Volts
4. What is the current produced by a 9-V battery flowing through a resistance of 200 Q?
Solution:
I=V+R I =(9) + (200) I = 0.05 Amps
5. What resistance would produce a current of 200 amps with a voltage of 2,000 V?
Solution:
R=V+ 1 R =(2000) + (200) R = 10 Ohms (Q)

Kirchoff’s Laws’ Practice Problems

1. Find the current flowing through 1 Q resistance by using Kirchhoff’s voltage law / Mesh
analysis.

0.2 Ohm 0.2 Ohm

1 Ohm
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Solution:
For Mesh 1

130 - 0.2 — 0.20; +0.2]s — 110 =10
040 + 020 = —20 ...... (1)
For Mesh 2
Ip +110 -~ 021 + 0.2 — 02, =0
020 —1.4fp = 110 ...... (2)
Iy = 96.1538 A(clockwise)
Iy = 92.3076 A(clockwise)

current flowing through 1 Q resistor is 92.3076 A (clockwise).

2. By using Kirchhoff’s voltage law (KVL) / Mesh analysis find the current flowing through
a 4 Q resistor.

2 Ohm 2 Ohm

= =10V
12V

Solution:
For Mesh 1

1220 - 12(I — L) — (I - I3) =0
15 + 12 + I3 = —-12...... (1)

For Mesh 2:

10-3(lp —I3) —12(Ip - L) - 2l =0
12 - 17T, + 313 =10......(2)

For Mesh 3:

24 - (I3~ )~ 3(I3 — ) —413=10
I +3L —8I3=-24......(3)
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I = 2.7198 A(clockwise)
I, = 2.05722 A(clockwise)
I3 = 4.1114 A(clockwise)

.. current flowing through 4 Q resistor is I3 = 4.1114 A(clockwise)

3. An electric circuit consists of four resistors, R1 = 12 Ohm, R2 = 12 Ohm, R3 =3 Ohm and R4 =
6 Ohm, and are connected with a source of emf E1 = 6 Volt, E2 = 12 Volt. Determine the electric

current flows in the circuit as shown in the figure below.

E'In
I
|

R,Z Er,
EI

bl

—

Solution:
Resistor 1 (R1) and resistor 2 (R2) are connected in parallel. The equivalent resistor:

1/R12=1/R1 +1/R2 =1/12 + 1/12 = 2/12
R12=12/2=6Q
In this solution, the direction of the current is the same as the direction of clockwise rotation.

—I1R12-E1-1R3-1R4+E2=0
-61-6-31-61+12=0
—6l-31-61=6-12
-151=-6
I =-6/-15
1=2/5A

4. Find potentential difference Vxy for given network.

5 Ohm
wyo v




Solution:

For Mesh 1 —

520 =10

I, =254

For Mesh 2 —

Ip = 24

For Path X to Y

Ve =201 + 8+ 51—V, =0

r Tl

5. In the below-given diagram, find the current through R1 and R2 resistance using KCL.

Node Voltage
R1 J Node

AMWA——

A Iy

20 v+ > Ry §40 Q <T>4 A

Solution:
KCL at node N1

1I1+12-13=0

)

The voltage at node N1 is V1, the magnitude of 11 and 12 can be determined as below;

11 = (20-V1)/50 -(2)
2=4A ———-(3)
And,

13=V1/40 ———(4)

Putting the value of 11, 12 and I3 in equation (1), we get

49
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11+12-13=0
(20-V1)/50 + 4 -V1/40=0
4(20-V1) +800-5V1 =0
80- 4V1 +800 - 5V1=0
9Vv1=880

V1=97.78 Volts ——— (5)
Current through Resistance R1

I1 = (20-V1)/50

11 = (20-97.78)/50
= -77.78/50

11 =—1.5556 A

(The negative sign shows that magnitude of voltage at the node V1 is greater than voltage source)
Current through Resistance R2

13 =V1/40 = 97.78/40 = 2.4445 A

11 +12 =13 (KCL Equation for this circuit)
-1.5556 + 4 = 2.4445

4 =2.4445 + 1.5556

4 =4 [ KCL proved]

Series & Parallel Circuits Practice Problems

1. Find current I3 for the series-parallel network in Fig shown below
R

A L

E =54V R, § 12kQ R, §ﬁk!l

{

Solution:
Checking for series and parallel elements, we find that resistors R2 and R3 are in parallel. Their
total resistance is

v = rig - ReR_(2KO)6KQ)
=R, | R, "R, +R, 12kQ+6kQ
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I R, I Resistors R1 and R' are then in series, resulting in a total
I T MWy resistance of
s - 2Kk
Ry
+
E=54V R Z 4k Ry=R,+ R =2kQ + 4kQ = 6 kQ
L The source current is then determined using Ohm’s law:
E 54V
[ =—="—"—=9mA
R, 6kQ

since R1 and R' are in series, they have the same current |
The result is

I,=1,=9mA

Returning to the main circuit, we find that I is the total current entering the parallel combination of
R2 and R3. Applying the current divider rule results in the desired current:

1—( e )1—(—12& )9 A =6mA
TR+ R T\ 2k ek ) MATOM

2. Determine all the currents and voltages of the network in Fig below

1 R, A
a _“ 1 b
0 MW
4 () '*’H ¢‘!t
B C
IT RS 050
+ Ry N

Solution: Blocks A, B, and C have the same relative position, but the internal components are
different. Note that blocks B and C are still in parallel and block A is in series with the parallel
combination. First, reduce each block into a single element and proceed




In this case:

A:R‘,\:4Q
R 40Q
B:Rg=R,|R; =Ryy=—=—"—"=20Q
8=R|Ry =Ry =3=—

C:Re=R;+R; =R;s=050+150=20

Blocks B and C are still in parallel, and

R 20
RB( — -—A—/- — T =1 Q
with
(Note the similarity between this equation
RT = RA + RB‘;iC and that obtained for Example 7.1.)
=40+10=50Q
E 10V
and 1’V=R_=ﬁ=2A
T )
R4 & R5 being in series:
Q+0.5Q=2Q
R2 & R3 in parallel: ) 20
(4+4)
Hence, the circuit reduces to
+ V, -
I 4
A MWy
I R, =40 l-"ﬁ Fr
+ + +
10V = Ry = 2n§ Vg R(-§2 Q v,
' »
L
L=1=2A
d mle=oh Ay
an = =——= = —=
B2 2 2

Returning to the network in Fig. 7.10, we have
Iy
IR, = IR1 =—=05A
: P2
The voltages V,, Vg, and V- from either figure are

Vi=LR,=(2A)4Q)=8V
Ve=LRy,=(1A)20)=2V
VC: VBZZV
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3. A 16.0-Q and a 20.0-Q resistor are connected in parallel. A difference in potential of 40.0 V is
applied to the combination.
a. Compute the equivalent resistance of the parallel circuit.
b. What is the total current in the circuit?
c. What is the current in the 16.0-Q resistor?
Solution:
a. Equivalent Resistance = 8.89 Q
b. Total current in the circuit= 4.50 A
c. Current in the 16.0-Q resistor= 2.50 A

4. Connect a 120.0-Q resistor, a 60.0-Q resistor, and a 40.0-Q resistor in parallel across a 12.0-V
battery.
a. What is the equivalent resistance of the parallel circuit?
b. What is the current through the entire circuit?
c. What is the current through each branch of the circuit?
Solution:
a. Equivalent Resistance = 20 Q
Total current in the circuit= 0.6 A
Current in the 120.0-Q resistor= 0.1A
Current in the 60.0-Q resistor= 0.2A
Current in the 120.0-Q resistor= 0.1A
Current in the 40.0-Q resistor= 0.3A

-~ ® o0 o

5. Three resistors of 3.3 kQ, 4.7 kQ, and 3.9 kQ are connected in series across a 12-V battery.
a. What is the equivalent resistance?
b. What is the current through the resistors?
c. Find the total potential difference across the three resistors.

Solution:
a. Equivalent Resistance= 11.9 kQ
b. Current through the resistors=1mA
c. Potential difference across the three resistors= AV=3.3 V+4.7 V+3.9 V=119V




2.1 A.C. Fundamentals

From dynamically induced EMF,

we know thate=BLV sin ©

Where

B = Flux Density of magnetic field (Wb/m?)

| = Active length of the conductor (mtr)

V= Velocity of rotation of conductor (m/s)

e= Emsin@ = Emsinwt = Emsin2nft similarly
i= Imsing = Imsinwt = Isin2nft

1.

Instantaneous value: - The instantaneous value of a waveform is its amplitude at a specific
point in time, offering a momentary snapshot of the signal's magnitude.

BT PT POy - SCONCHBE ST FHE P4 IDER,, RePODEE), 93T
33T 53NTI, YT FOTLITI TBDIIVDTI FEBT Mo, s30°TOEF €9, DEWITT3.

ATDITeId Y - dgBIHd dlabIiad e WUl fafiy do! I Jrsuon, R
fargmeTd &ifore HURIe UeM $d.

Cycle:- A cycle in a waveform signifies a full oscillation, encompassing both positive and
negative values. For instance, in a sinusoidal wave, a single cycle encompasses one complete set
of positive and negative peaks. This cycle corresponds to a 360-degree angular measure,
representing a full revolution of the wave's phase.

3T - 2930 CRTBTRD), WO 23Ty P 30BRLOTITY), ARBRIZE,
FR3T 203), EIT SPONF), WFNRRORE. GVOBTTN, A y3SIA JT3®
3TONTE), 2,003 WBFa)) PRR3T 203, INFWO3T dVTNY FOTPLIE MIOTJTI,
WINPT, IR, 88 23T 360 BNNPNR 93T NE.
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AP - IGHIHALN T deh YUl GIa aRiad, ST GHRIAD S0 AHRIED alol
T GAIAP 3Rdld. 3arevuny, Yadised dgHd, UHhl IhMe IHRIAD A0
THRIAD IR T Yol T 3. § T0p 360-FS3ieh Tafiad o,

3. Time Period: - The time taken to complete one cycle of an alternating quantity is called
time period.The time period is denoted by T.

FTOLRRD: - IJOFOD  TOLT  WOTD WIHI, &RLENRRPAIL)
BRTTRPES A0, TORRH NOT) FTCONIMIE. TN, T
DOT ARBIIMI .

9 HaEdt: - TR gRAE T 9% gof HROUGRITST ARTONT ddl HIass Burdld.
preradl T gR G S,

4. Frequency: - denoted as 'f' and measured in hertz (Hz), represents the quantity of complete cycles
an alternating signal completes in one second. In the Sl system, frequency is expressed in hertz
(Hz), where one hertz corresponds to one cycle per second, indicating the number of cycles
completed within each second.

e3WBFR: - ' DOT FRWIIMIZ T aNI), BEFEE (Hz) S 9¥0DNCTMI TS, BT
2,03 ATOBIE). JODVEOD AOTEIeY) BPIENRPPE ROTPLIE BINY
Tye00LRad), FSIRAIZ . Sl W5 BONE) , €333 T, BEFE (Hz) ).
BsTRDBRCIIMTTS, 9. 2,073 BEFEE Tyd ATORT 20T WBT/T, LINVTR TN,
YW B8 IFORIC). FRLIETROT 3TNY F0B;0NT, FPWBRIT.

IRARAT: - 'f T GRIfaa Sild 10T §ed (Hz) T Hisiel 9iTd, b gaidt Rrd Ut Adhard
quf U quf ekt UHI0T GRiad. S| TUIRHeD, aRARGA! 8ol (Hz) A Sad dall ord, ford
U® g Ufd Yahg U aehIRN Galed 3dl, Uid Jahald Yol gTeiedT dshid! TReAT GRidd.

5. Peak Value:- The maximum value of the sin wave’s positive cycle or negative cycle.

NOR, 3P0 - Hox 3VONE Foe3, B3 G0 33,3 38T NOR, 3700,

fi Feg;- 1T TN YHRIAD dsh [dhdl BT AhId HHTA .

6. Phase: - Phase refers to the position of a waveform at a specific fraction of its time period and
is typically expressed in angles or radians. It can also represent the relative displacement between
corresponding features (like peaks or zero crossings) in two waveforms with the same frequency,
offering insights into their synchronization or relative timing.
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B03: - VO3 VBT TP DDER,, LINEE)., STONTRBET Ao, Sadcddy
BPBNIT DI, AR sweN  FRSNYY T StRODINYE).
BsTBRAIMNIT. VW)  2w0TWE  BSWIEIBRODR AV  ITONTRINT).
IMIDTOT WA RysNF SRBIIT  AORF R I0ITID), BB APR DT
(DRTNY) 900 BATs WoENITNY) IINT A0FRRCSD* 9T F0WORDI
RDODT 2 FSECENF I, ABIST.

Bol: - ol T8US] degthlHd! U T Sraradi=ar fafRry Jf=mar s/ it Jr\rae: »iF
fhar YsaTaed Sad Hall W4, § HM IRARAT 3RIAT I deghrHael Teferd afmeaiaeha
T faRITT ST GRIq Adhd (O Bt R a1 g sIRiT) i wqsdul fdhar we
dobd SfdEST T B

7. Phase difference:- The phase difference is the difference, between two waves is having
the samefrequency and referenced to the same point in time. It is expressed in degrees or
radians.

BOI3W F;TO;A - BOITW 235T95A %) W5305MaONG, DT FTONNY ST3IedS
W5TsAe) WOTE IVOMR03TedT),; BRODTIZW NI, APODNT, 20T
ORI,  SBLDFIT. BB, BN 9T RO,
RsTRBRAOIMNITI.

ol ST~ T fSTR=T 81 TR 318, S dg 7 JH gRaRdT 31d 3for dosa
T fogar e Sdl. § ofe fohar Yeoaed ad ohd oiTd.

8. Average value: - The arithmetical average of all the instantaneous values of an alternating
quantity over one cycle is known as the "Average Value of Alternating Quantity".
Sum of all instantaneous value over one cycle
Number of Instances

Average Value =

Figure 2.1 One cycle of Alternating Current wave
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Letiy, iz, i3........ in be the mid ordinates (considering figure 2.1)
The Average value of current lav = mean of the mid ordinates
_ll+12+l3++ln

av

n

RO9AD PO - 2,0T WHTS 03 BOVEOR &jedI0edTS DY, 3TFEITT OO 5NY
e90TNEIZT RTORDONTY, e3>, 3 E30T¢ T, 06363030 RTIRD 305" dOT
ielOWISRIaNCIA R

2,030 BT, D9, IT'FLIT a0 °O5T 2303,

ROORD e0ers = AEBESNG RODs

i1, 2, i3..... SNG5TI SREILEINFONTS (233 2.1 93, LONEBR)
TR lav S TR a35P0;5 = sNF5TS €3 ESCEI Y FTORD
_ll+lz+l3++ln

av

n

GRATUI TR G TUMH Sficsel! .

UHT IR d I I Jedid! Sl

T RUTI] TRAT

is, g, ia....... TS SHTTENC SR T (Ml 2.1 ST el
A lav T TR Hedf = {7 SR TRt

W =

_ll+12+l3++1n

av

n
9. R.M.S Value: -The term "R.M. S or effective value of the alternating current” refers to the

consistent flow of current through a resistor with a known resistance for a specific duration. This
produces an equal amount of heat as the alternating current does when it flows through the same
resistor for the same duration.

R.M.S &33Pe;:- "R.M. S 95300 303306 O3 23ja0 3003 s30T0e0TO0 a350)5" 02 3C3e)
20T ADER, BRN 3PV &) 3TRFBRODN &j3TURETE ePRDT A T3
oo DI, APWBAZE. WOIVEOD  dTsS® @Wjeoodey) ¢ 93D 93
T)3VRFTE eNROT BOONIN Fe0xS &3jadIvfals T3, YVI,NRII .

R.M.S HeU: -"RM. S fobar alternating current ERIE] Hod" gl eIl 3 wamEn fafky
SHIAEdTdl Jd UfdeR 3 IRegR faggd Uarerer guid Uaig 8. § 99
HIASTS A ASReAYT dTgd dagT YT YaTgTIHI0 FH FHI0N ST FHT0T .
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10. Peak Value: - The highest point reached by an alternating quantity within a single cycle is referred
to as its Peak value. This term is synonymous with the maximum value, amplitude, or crest value of
the quantity.
noxR, IR - 2,0 BFHTE), TOIREOD TeIRPDOT IENAT  9305:3,3
2O, LT3 NOR, 05 0T FTONLRMI . &8 Beg) OIS NI,
TV, W gTOD ITIED TYAY, &0 0T, AV E ToNGS.

SITdl. BT Xeq YHTUAT HHTA oo, HISUUT fdar shee TeamRit TarR o8,

11. Peak Factor: - The Peak Factor is a measure defined as the ratio of the maximum value (which can
also be termed as the peak value, crest value, or amplitude) of an alternating quantity, whether it's
voltage or current, to its R.M.S (Root Mean Square) value.

Mathematically it is expressed as:

I E
Peak Factor = —— or —=
RMS Erums

where,

Im and Em are the maximum value of the current and the voltage respectively, and Irms and Erws are
the roots mean square value of the alternating current and the voltage respectively.

For the current varying sinusoidally, the peak factor is given as:

Peak Factor = - = ,ILZ 1.4142
IrMs m/\/i

The value of Peak Factor is 1.4142

AT POSBLO%: - AT H5T,0° DLE)TD a3 L2 95300 TTOES® e3NTOTITD,
83 RM.S I NORE, a3°0,3 (VW NOR, a5, TAY, a0°Qs5 IR0 e3zT0Dg
ROTSR FTODWTITY) LIBT3 N 29050050 A DN, BURES® X &, LO°) 23005,

N33 ByTOT BTN, 35T RRARINMITI:
Em

m
Peak Factor = or
RMS Erums

D),
Im @03), Em TeedoN RIS e03), a3, L8 MO, e35°5e30NE3, a3, Irms eI,

Erms a0RONE) sBO0EOI )TI5T° &3)a00BE 3N e3P a3, TjadeoN a3efe3 L.
R 40RO 3N WY T a0 T, NOR, 90T, dofR AETBEINT:

Peak Factor = —"— = ,ILZ 1.4142
IrMS m/ﬁ
DTS POSTLE a0°D5ag) 1.4142 e3NGS

i Baex: - Ui BhaeR 3 Uah! Ui JHTM=AT HHTd JedTd (STl RIER Jed, ohie & oy fdhal
HISYUN ¢HTd e Ol Xdhd) UM U TRHTIT ordt SiTd, T o Rlecs 3 fohal aadm,
AT RM.S (¥¢ UH Wh3R) T,
T IEseT d 31 e et Sild:
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Im Em

RMS ERMS

Peak Factor =

P9,
Im 30T Em & 3fIhH PHRc 30T Flecold HHTA oo 3HTed 30T IRMS IO ERMS & 3FIhH

ot yare S Blecord IR Hed TR,
sinusoidally SGadT aad Trel, Uid gew feaan 3ie:

Peak Factor = = = m_—1 4142

Irms %
Ui thaed Ul 1.4142 3118

Form Factor: - The Form Factor is a metric that quantifies the relationship between the root mean
square (R.M.S) value and the average value of an alternating quantity, whether it's current or voltage.
The average value of the alternating quantities is determined by averaging all the instantaneous values
of current and voltage over one complete cycle.
Mathematically, it is expressed as:

IRMS ERMS

Form Factor =
av Eav

Irms and Erms are the roots mean square values of the current and the voltage respectively, and lay
and E.y are the average values of the alternating current and the voltage respectively.

For the current varying sinusoidally, the Form Factor is given as:

Im /
lws __INZ_ 4 44
loy — 2Im/

Form Factor =

The value of Form Factor is 1.11

POTE FOST,0°: - O E O5TLO® 20T BUES® DI &, LO° (R.M.S) 235205 03,
BOSIVEODR eF)e3IVEATS FTORD 235P5T3 T3 BOWOTIEIR, 23je3I0eBCFTORIES 2,0T3d
RNEJT 3N, 9T WyRY,3 00 o332 e3NTE). TOVEO TWjeIRdNY FTOARD
STP5a3),, WOTD ROFTRLIE WBITWED), AL a3, a3 L2, DD, 33,000
SPOSNP), ROIAD AFEDRIMIZ .

Re33T ByToT, VW, SofN 35T BRI TI:

IRMS ERMS

Form Factor =
av Eav

lrms @03), Ervs MED FeedoN m).3 a0, eSS eDR 23T 35PN FaNeS,
aNI), lav aNI), Ea TehawoN I[AEOD W53 aNI), JS LTS RTRD
PO NPINES.

R A0 €3N 2TIIVMI Y BIe3 &jad0d0 T, BpOadr e PsTO° EIS), 88 D8 ACTWNTI:
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Im/

I A/

Form Factor = RMS = 2 =1.11
Iav Zlm/n.

FOE POSTLE 330 °Ded) 1.11 eSNT

WiH Baex: - BIF Wacx § U AlcH 38 o ¢ HH WhseR (R.M.S) g 0T Taidt Jamoms IRt
T, W7 d 9a9 a1 Flees di=aniia deeie FH01 33ad. Tl Yol Fehraria faggdq udTe ST
Elecored] 4 dlapIiad Jedid! IRRT B ygidt aRuTuie RN g Fufftd Fa S
TIOTCIESeT, o 3 e dal SiT:

Form Factor =

IRMS ERMS

av E av

lrwis 3ATFOT Erus B1 B TEUIS SIIehH UATE ST SlecoTdl IRY Hed 3HTed 30T lav MO Eav B A
T TraTe ST sEled STl IRIRT Hed 3R,

IHIg S IdH JSAUIMTS!, HiH thaeX WIeayHT el 3

Im/
IRMS — \/E —
Iy ZIm/n

Form Factor = 1.11

WIH thaedd Hed 1.11 3T

2.1.3 Voltage and current relationship with phasor diagrams in R, L, and C circuits.

i) Resistive Circuit
| R In an AC circuit, the relationship between voltage and
| AAA | current is influenced by factors such as the supply frequency,
phase angle, and phase difference. However, in an AC
resistive circuit, the resistance value of the resistor remains
consistent, regardless of the supply frequency.
Consider circuit shown in Figure 2.2

Let the alternating voltage applied across the circuit be given
by the equation

e 4.7 v =V, Sinwt )
V=Vn sinwt Then the instantaneous value of current flowing through
Figure 2.2 Pure Resistive Circuit the resistor shown in the figure below will be:
. _ vV _ VpSinwt
[=—=—— (2

The value of current will be maximum when ot= 90° or sinwt = 1
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Putting the value of Sin wt in equation (2) we will get
i =I,Sinwt (3)
Phase Angle and Waveform of Resistive Circuit
The equations (1) and (3) demonstrate that there is no phase difference between the applied voltage
and the current in a purely resistive circuit, resulting in a phase angle of zero degrees. Therefore, in an
AC circuit comprising only resistance, the current aligns perfectly with the voltage, as depicted in the

waveform figure 2.3 below.

Voltage
Power

Current

p,vandi

Figure 2.3 Waveform and Phasor Diagram of Pure Resistive Circuit
Power in Pure Resistive Circuit

The instantaneous power in a purely resistive circuit is given by the equation shown below:
Instantaneous power, p= Vi

p = (V,sinwt) (I, sinwt)

Yinlm 2 sinwt Y (1 2wt)
p:— sinfwt = — —= (1 — cos2w

2 V2 2

LA | Ny Lo

= = = cos2wt

p _____
V2V2 V242
The average power consumed in the circuit over a complete cycle is given by

Vi Vi By
P = average of — — — average of — — coswt ... .....(4)

\/—\/_ V2 V2

As the valve of cos ot is zero.

So, putting the value of cos wt in equation (4) the value of power will be given by

P - VI‘IIIS]‘I'II]S U
where,

P — average power
Vr.ms — root mean square value of supply voltage
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Irms — root mean square value of the current
Hence, the power in a purely resistive circuit is given by:
P=VI

The voltage and the current in the purely resistive circuit are in phase with each other having no phase
difference with phase angle zero. The alternating quantity reaches their peak value at the interval of
the same time period that is the rise and fall of the voltage and current occurs at the same time.

2, 38RC53F BB E3°

N BBREEFTE)., L3 LT DI, TT0EF SIS FOWOTTe) BRTT €333,
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P53 A.Ce0NTI .

33 2.2 3€) 30cDATe3 ABR;EEI 93D, SONBR
AT E30,T35038 €93 ANRVTS FBWOVEOR o33, L2 LIV, RedITTLIDOTI DCTB/LED
v = V,Sinwt 1)

FIPNS BIXD), 3DATV BAR,T® DROT BOANE T)e0Br 33,050 3705
oN3T333:

i = v _ VmSinwt (2)
R R

ot=90° e953=00 sinmt = 1 e3NTIIN &3je30dE &30 °5ed) N0 N33
AT ot & TIP3,y ReAETTLTE). (2) ToI3WT Do) BHBOI L

i =I,Sinwt 3

B23,5° TR €3N B03W TS &H3), 3don Box

(1)a03Y, (3) WedANTTEINE) €93, 00T a3@L3L2T° 803, IT5T° 53390003 SIS O00ey) T3¢
PVO3TW  BWsTosmed), OB 3RDAZTW, VW ROFZPERIN  &3TET
ATR;EEFTD).  BRIs BNINY B03IW  FAST, FoU0WMIE. 36 D0TI,
T ATREFRR, w03 WwPNPOBBE AC AT EFI)., TPNS ICTONTRTT 33) 2.3
3€) 233 ATO3 TR, 3 3L LEFSPODT BOTPEDE N BUROLIVEITOIINITS.

BE;0° 8RR, BFR;FEF) RBZ0*
ROTRLIEWON ABRIFT IBTR;FEFIAS 303 JIOHI, I¥R  3DATI
RedCTTEDOT BN T:
33,600 I3, p=vi
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p = (Vysinwt) (I, sinwt)

Vinlm Vin I
= 2sin“wt = — — (1 — cos2wt)
2 V2 2
L. Wk

p= F \/—'_ = T TCOSZ(D'C
OTPE WIFHT), ATREE,S). AR FTIAO GDC33?336 €930, VBN T3
A Y

P = average of — — — average of — — coswt ... .....(4)

V2 V2 V2 \/"
cos ot &S TFeéded) BPT3e30NTIe)TOOT.

€373, D 0TI, €0s ot P53, ReETTRTE). (4) ToBS 2NROT T30 a37P5e33),
B3 TS

P= 1'["']rr.m.slr.m.s —
)

& - RTORO 38,

Vr.ms - RT3 &3@Ce3 L2, EDRL RTAD 2FTWT e300

Ir.m.s - 32003 DR AVIAD WV 2305

33,00, AOTREIE 0N &) BRLET BTR;EE,D.S 30D, WRVOT
ACTBEIRMI3:

P = VI

3RCe3,£2F 3D, DTS T)jedodoey) AOTRLIE WON BT REFT AT ). VTR
BOITBAR, BOITW BTRLS JRIWRONT O30e)T3¢ BOITW 335305Re)e) . BOVIEOD
R)e3I0£93Y) LTI BN T BNFs0IVTE), L9INY NOR,, e332 53330, 3ENT)IT, 90T
w3 LTS HOTF 2DI), BAZeY) 9T BHONTE), A02ZIRIIT.
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i) Pure inductive Circuit

A circuit that exclusively includes inductance (L)

' L and lacks any other components like resistance or

- Y Y Y capacitance is referred to as a Pure Inductive

Circuit. In this configuration, the current lags 90
degrees behind the voltage.

An inductor is a coil that stores electrical energy

within a magnetic field when current passes

through it. It consists of wire wound into a coil

shape. When the current in the inductor changes,

- @ » a time-varying magnetic field generates an

electromotive force (emf)

v =V, sinwt

Figure 2.3 Pure Inductive Circuit

that resists the current flow. The unit of inductance is the Henry, and the resistance to current flow
caused by this effect is called inductive reactance. Consider Figure 2.3.
Let the alternating voltage applied to the circuit is given by the equation:

v =V, Sinwt ................(1)

As a result, an alternating current i flows through the inductance which induces an emf in it. The
equation is shown below:

i
T T @

The emf which is induced in the circuit is equal and opposite to the applied voltage. Hence, the
equation becomes,

V= 5B menneniein KB

Putting the value of e in equation (2) we will get the equation as

_ (.,
V——(— E) or

) di
V,Sinwt = L T or
. Vg
di = T sinat dt s w: (3)

Integrating both sides of the equation (3), we will get
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V
fdi: I_er_x_ sinotdt or

i=— (—coswt) or
wL

. Vo Vi
lzw—n]: S]n(wt — T[/Z) = X—r: Sln(u)t — T[/Z) (4)

where, X = o is the opposition offered to the flow of alternating current by a pure inductance and
is called inductive reactance.
The value of current will be maximum when sin (ot — n/2) = 1

Therefore,
I, = Vm 5
m = XL"'"'"""( )

Substituting this value in I from the equation (5) and putting it in equation (4) we will get
i = I sin(wt — “/2)

Phasor Diagram and Power Curve of Inductive Circuit
The current in the pure inductive AC circuit lags the voltage by 90 degrees. The waveform, power
curve and phasor diagram of a purely inductive circuit is shown below in Figure 2.4

Voltage
Current

p,vandi

|

_

Figure 2.4 Phasor Diagram and Waveform of Pure Inductive Circuit

An inductor is a coil that stores electrical energy within a magnetic field when current passes through
it. It consists of wire wound into a coil shape. When the current in the inductor changes, a time-varying
magnetic field generates an electromotive force (emf) that resists the current flow. The unit of
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inductance is the Henry, and the resistance to current flow caused by this effect is called inductive
reactance.

The phasor diagram is also shown on the left-hand side of the waveform where current (Im) lag voltage
(Vm) by an angle of 7/2.

Power in Pure Inductive Circuit
Instantaneous power in the inductive circuit is given by

p=vi
P = (Vsinwt) (I,,sin (ot + 1/2)

P =V I,,sinwt coswt

N

P = =22 sinwt coswt
7

P= —= =sin 2wt or
V2 2

P=10

Hence, the average power consumed in a purely inductive circuit is zero.
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iii) Pure Capacitor Circuit
A circuit comprising solely a pure capacitor with a capacitance of C farads is termed a Pure Capacitor
Circuit. Capacitors store electrical energy in an electric field, and this phenomenon is referred to as
capacitance. Additionally, capacitors are sometimes referred to as condensers.
A capacitor is composed of two conductive plates separated by a dielectric medium, which can be
made from materials like glass, paper, mica, oxide layers, and so on. In a pure AC capacitor circuit,
the current leads the voltage by a 90-degree angle.
When voltage is applied across the capacitor, it generates an electric field between its plates, and no
current flows directly between them. However, when a variable voltage source is connected to the
capacitor plates, a current flow as the capacitor charges and discharges through the source.
A capacitor is comprised of two insulating plates separated by a dielectric medium, and its primary
function is to store electrical energy. It operates as a storage device, charging when the power supply
is switched on and discharging when the supply is switched off. When connected to a direct power
source, it charges to the same voltage value as the applied voltage. Consider the circuit given in
Figure 2.5
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-

s
v =V, sinwt

Figure 2.5 Pure Capacitive Circuit

Let the alternating voltage applied to the circuit is given by the equation:

v =V, Sinwt ..o eereee (1)

Charge of the capacitor at any instant of time is given as:

Q=¥ cereeeon {2)
Current flowing through the circuit is given by the equation:

) d

! == a q

Putting the value of g from the equation (2) in equation (3) we will get

o d
i Sy [ 51 T——

Now, putting the value of v from the equation (1) in the equation (3) we will get

1= T CV,Sinwt =CV,, o sinwt or
i= wCV, coswt = 1V—m sin(ot + ™/,) or
/(oC
oy o sin(wt+ T/,) (4)
XC 2 Bas ses ses wasow

Where Xc = 1/wc is the opposition offered to the flow of alternating current by a pure capacitor and
is called Capacitive Reactance.

The value of current will be maximum when sin (ot + n/2) = 1. Therefore, the value of maximum
current Im will be given as:
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Vin

I
m XC

Substituting the value of I in the equation (4) we will get:
i = Iy sin(wt +T/,)

Phasor Diagram and Power Curve

In a pure capacitor circuit, the current flowing through the capacitor precedes the voltage by an angle of
90 degrees. The phasor diagram and waveforms illustrating voltage, current, and power are depicted
below in figure 2.6:

Voltage i

Current

Figure 2.6: Phasor Diagram and Waveform of Pure Capacitor Circuit

In the provided waveform, the color red represents the current, blue corresponds to the voltage curve,
and the pink shade represents the power curve.

When the voltage increases, the capacitor undergoes a charging process, reaching its maximum value,
resulting in a positive half cycle. Conversely, as the voltage level decreases, the capacitor discharges,
forming the negative half cycle. Careful examination of the curve reveals that when the voltage reaches
its maximum, the current value is zero, indicating no current flow during that moment.

As the voltage decreases and reaches a value of © (pi), it starts becoming negative, and the current
reaches its peak value, signifying the capacitor's discharge phase. This cycle of charging and discharging
continues.

It's important to note that the voltage and current do not reach their maximum values simultaneously
due to their 90-degree phase difference, as illustrated in the phasor diagram, where the current (Im) leads
the voltage (Vm) by an angle of /2.
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Power in Pure Capacitor Circuit
Instantaneous power is given by p = vi

P = (Vi sinwt) (I, sin (ot + T/5)

P = V, I, sinwt coswt

Vin I

P= ——sin2 wt or
V2 V2

2=1

Hence, from the above equation, it is clear that the average power in the capacitive circuit is zero
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2.1.4 Analysis of R-L, R-C, R-L-C Series circuits.

i) RL Series Circuit
An RL Series Circuit refers to a circuit configuration where a pure resistance, denoted as R ohms, is
connected in series with a coil possessing a pure inductance of L (measured in Henrys). When an AC
supply voltage V is applied, it results in the flow of current, denoted as I, within the circuit. Therefore,
within this configuration, you will have IR and IL representing the currents flowing through the resistor
and inductor, respectively. It's worth noting that the total current flowing through both elements remains
the same since they are interconnected in series.
Considering the circuit in figure 2.7.




Where,

B

O <

v =V, sinwt

Figure 2.7 Series R-L circuit

VR — voltage across the resistor R
VL — voltage across the inductor L
V — Total voltage of the circuit

Phasor Diagram of the RL Series Circuit

The phasor diagram of the RL Series circuit is shown below in figure 2.8:

Now,

In right-angle triangle OAB
VR =IR and VL = IXL
where XL = 2nfL
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V=IyR?+ X?

A4
= L= —
7.

Figure 2.8 Phasor diagram of Series R-L circuit

Where,

Z is the total opposition offered to the flow of alternating current by an RL Series circuit and is

2- [T X

called impedance of the circuit. It is measured in ohms (€2).

V= J(VR)?+ (V)?=/(R)? + (IX.)?
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Phase Angle
In RL Series circuit the current lags the voltage by 90 degrees angle known as phase angle. It is
given by the equation:

Vi Xy X
tanp = —= —= — or
V., 1B R
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Z BT RL HIfeienT AfchegR Uaidt UaTgT=aT YaTgTan faaem THul farly 318 SH1for ra Afdbean
UfSTYT WU, § {17 (Q) AL HISTe! SiTd.
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B B

RL R wfthened faggd Watg 90 31 HHM @lecs M TSl SaTel el 3fTd WBUrArd. §
THBRUMgR fea

W, Iy K
tancp—v——ﬁ—i or
R

XL
@ = tan R

Power in R L Series Circuit
If the alternating voltage applied across the circuit is given by the equation:

e | R L | |
The equation of current 1 is given as:

i & ESinlt— @) ceeeal2)
Then the instantaneous power is given by the equation:

=N o en [ )
Putting the value of v and i from the equation (1) and (2) in the equation (3) we will get

P = (V,Sinwt)x [, sin(wt — @)

Vil
p= —— 2sin(wt — @) sinwt
Vin Im
P= — — [cos@ — cos(Qwt — )]
73
v, I, v,

ﬁ E cos@ — T T cos(Qwt — o)

The average power consumed in the circuit over one complete cycle is given by the equation shown
below:

Vaii Vi Vis
P = average of — cos@ — average of ——cos(Zwt — @) or
VZ V2 V2V2
Vi Iy >
cos@ — Zero or
T V22

P = Vimslrms cos@ = VIcose

Where cos¢ is called the power factor of the circuit.
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Ve IR R
cosQ = T g . (4)

The power factor is defined as the ratio of resistance to the impedance of an AC Circuit.

Putting the value of V and cos¢ from the equation (4) the value of power will be:

P=(IZ)(DR/Z) = I2R...........(5)

From equation (5) it can be concluded that the inductor does not consume any power in the circuit.

Waveform and Power Curve of the RL Series Circuit
The waveform and power curve of the RL series circuit is shown below in figure 2.9 :

Voltage
Power

Curr7

Figure 2.9 Voltage, Current & Power of RL series circuit

RL AD¢x* 3BTRS, JI0°
AT, BOVEO 23@CE3,L2F €93, RedITTLRDOT ACRTT

v="V_Sint .....ccurrnef 1)

FRL3 | S edTT[I), T8 O3 ANBINT:

i & Easinilit— &) woveaad2)
S033 33,6003 FZ0DT, RedLTTLDOT T3 TI:

p= ;12 (3)
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(3) ReAETTLRTE). (1) eI, (2) ReIETTLROTW v aNIY, | a39P5e3x3), BITWT oz
BBON3 LS

P = (V,Sinwt)x [, sin(wt — @)

V1

p= mzm 2sin(wt — @) sinwt
v, I,

P= — — [cos® — cos(2wt — @)]
VZvz oF ?
Voo I _ v,

= — — cosQ — ——cos(Zwt—cp)

JZAT V2 V2

20T ROBPPIE WIRE), ATRFEFID), AR ATRID JFODS, TSN
30203 RedITTEIDOT MBI TI:

.\/_ \/_

P= V.mslims cos@ = VIcose

€9¢)_ cosP €9V, ATREEY, TI5T® 90T DO FTONEMITI.

Vg IR R
cosQ = A T e (4)

AW 90TT, AC RTR6E, TOTBREET, T)IVRIEE  ONT3  DOTD
DI ST AT
V 203, cosd & aP5a3:30, ReddTTLDOR (4) TodTWT B0 a30°0e) NI H:

P=(>2)(DR/Z) = I2R..........(5)

ReDETTLROTW (5) YOWT,T® ATREE,E). O0eHTC FFONTY, WFRIHDE)., 0T
30a30E DR WIITN.

RL F0ed BB055E3°S 2307503 e 3), BI0° T

RL RO30H RBEEEFS ICONCHD 93y, BT Foe o=, 233 29 IE)
3C0RIN:

RL Her afrened uiar

OR YUl FiheaR AN SIUIRT WU lecsl FHIBRUM faerer S




="V SIBE ... ccvmrermsk L)

IaAM | D gHIBRT 3 fed sime:

i = Eusinl(pt— @) wovwan:(2)

TR dIcpTe X! FHIBRUMER faal S

THIDRUT (3) A (1) SH1OT (2) FHIBRUMA v 0T i ff e eTh e HTUeTe fHos e

P = (V,Sinwt)x [, sin(wt — @)

Vil
p= mzm 2sin(wt — @) sinwt
v, I,
P= — — [cosp — cos(Qwt — ¢)]
2 V2 P P
v, I, .
P= — — cosp— — — cos(2it— @)
Iz V2 V2

U1 quf IehTd idheH e araRad! SRIRT 391l @l GRifaeiedn THiBRumgR faet S

\/— \/_

P

Il
<

rmslrms C0s@ = V1 cose

Y cosd & Tfchedn UlaR thae TgUIdI.

Vi IR R

e NGl I e e 4
Ccos® v 7 7 4)

OfaR Whaexd! el AC AfcreaT UlamHTea UidehRId ONTR WU bl ild.
THIHRUT (4) AYA V 30T cosd o T CTH e Fekitd e 3 BIsa:

P =(2)(D(R/Z) = I?R...........(5)

THIBRT (5) TR 37 56 BTl SIS Vhd! Bl S5aex GiheHed HIUte! Ul aToRd

e
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JRTH HIferpT Afhed dgWIH AT UTaR ah
RL ATfeTehT Afched A@WhIH SATOT UTeR ash 3Tl 2.9 A GRIad 3T

i) RC Series Circuit

C

' " T The RC Series Circuit refers to a circuit arrangement
I VVYV " where a pure resistance, indicated as R ohms, is
+ Vi > V¢ connected in series with a pure capacitor having a
capacitance of C farads. When a sinusoidal voltage is
applied, it leads to the flow of current, denoted as I,
< V ——{ through both the resistance (R) and the capacitance (C)
within the circuit. The RC Series circuit configuration

& @ . is visually represented in the figure 2.10:

v=V, sinwt
Figure 2.10: Series RC circuit

Where,

e VR —voltage across the resistance R
e Vc—voltage across capacitor C
e V —total voltage across the RC Series circuit

Phasor Diagram of RC Series Circuit
The phasor diagram of the RC series circuit is shown in figure 2.11

Figure 2.11: Phasor diagram of the RC series circuit

Now,
Vr=Ilgrand Vc = IXc
Where Xc = 1/2nfC

In right triangle OAB,




87

V= J(Vr)?’+ (Vo)?=y(R)* + (IXc)?

vzlfR2+xg or
v v
/R2+ XZ

Ii=

Where,

2= /RZ + X2

Z is the total opposition offered to the flow of alternating current by an RC series circuit and is
called impedance of the circuit. It is measured in ohms ().

Phase angle

From the phasor diagram shown above, it is clear that the current in the circuit leads the applied voltage
by an angle ¢ and this angle is called the phase angle.

Ve X X
tanp = —= — = — or
V. B R
1 Xe
R

= tan

Power in RC Series Circuit
If the alternating voltage applied across the circuit is given by the equation

V=V STtk o (1)
Then,

i = Lysin(et + @) o o (2)

Therefore, the instantaneous power is given by p = vi
Putting the value of v and i from the equation (1) and (2) in p = vi
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P = (V,Sinwt)x I, sin(wt + @)

V...l
p = —— 2sin(wt + @) sinwt
O e
P= — — [cosp — cosRwt + ¢)]
Bz " %
P= Vin I Y | Qwt+ @)
= 0s¢ — — — cosRwt+ @
ko V2 V2

The average power consumed in the circuit over a complete cycle is given by:

Vg 3 VT
P = average of —%“ T’; cos@ — average of V—%’ —I; cos(Qwt+ @) or
N ¥

Vm (-
V22
P = Vimslrms cos@ = VIcose

cos@ — Zero or

Where cos¢ is called the power factor of the circuit.

V% IR R 5
cosQ = sl Z( )
Putting the value of V and cos¢ from the equation (3) the value of power will be
P=UZ)(D(R/Z) = I?R...........(4)
From the equation (4) it is clear that the power is

actually consumed by the resistance only and the capacitor does not consume any power in the circuit.

Waveform and Power Curve of the RC Series Circuit
The waveform and power curve of the RC circuit is shown in figure 2.12

Voltage

p,vandi Current Power

e
Figure 2.12: Voltage, Current & Power waveform of RC Series circuit
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RC 303 TR E3°

e32E ACOCA* RTWREET 2O ABTWREET a353A,00), ARBRIZD, ©9&) e30° 2,a3,
N0 ARWBADIET NT, 3B A HPOsORY PoUeSd), BRODTIE 3T,
TOAEIBREODR ITBONE), FOBTE TVRODTW. R 0RBET  o3PC3LeF €93,
I, ONATN, YT ATREEERPT &By3TREE (e30°) DI, T () NTBT
TNROT | DOTI) RPWRCVT F)ei0dor3 BOITT FOTEIIITIIL. SAE IV AT ES®
FO),NBEBT° €930, 233) 2.10 B, Ty, 23T 200N DTBRDRCIINTS:

RC I0£8 B305FE¢3° Pos0° 80033,
e32E RTLBOH RBTP5EE, BOsAT® B2 a3, 233 2.11 BE). 3/0¢DF NS
0,

Vk = IR &3, Vc = IXC

&), Xc = 1/2nfC

2O 3BTRS OAB S,

V=R’ + (V0)*=J (R + (IXc)”

V=I/R2+X% or
\Y4

z= [R? + X2

Z DOTI) €3T° RTL0N ABE5EEF 0TI WOIVEOR 23)aI0TBE3 BOITt DCTIII 2E30,,
LBREFRINT DI, AW, ATREEFS )3TILE 0T TCONIMII . AT,
253305 (Q) S€). 9¥0NEMI .

03T RS
a3 30ATIE  PoRT® TRV IZDOTW, ATRFELAS Tjooodey) IS ONT
&S LT 930, TRLS P ENRDT eNIT,BAIZ T 203, B8 TS, BOITW TS
DO FCONMI .
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Ve Xc Xc
tang = = -— or
VR IR R
Xc
= SE
(] an R

e30°2 FVB BTR;FE* ) BFO®
AT, BWOVEO 23@CE3,L2TF €9, RedTTLRDOT RT3

V= "W St vunaia(l)
i= Lysin(wt + @) . i (2)

33 00T, 33,00T TFONT, P = Vi &DRDOT ABIMZ T
p = Vi 3. (1) 3DI), (2) ReIILTTLLDOT v eI, | a37P5e3:30, ToBIa)T3)

P = (V,Sinwt)x I, sin(wt + @)

<

|
= mzm 2sin(wt + @) sinwt
iy 1 | [ Qot+ @)]
= — — [cos@ — cosw

2vz oY .
o o v, I,

P= —=—= cosp — — — cosCwt+ @)
V2 V2 V2 V2

AOTRLIE BT, ATREE,®). AR ATIARD JZODN, BeDOT BRI TI:

Vig | Vi1
P = average of V—%“ V—’; cos@ — average of v_%l v_r% cos(Qwt + @) or

/A (.
P= ——cosq) Zero or

V2 V2
€9¢)_ cosP €Ty ATREEY, ITWI5T® 90T DO FTONEIMITI.

Ve IR R

— = (B
cos@ = = (3)

ReCTTEIDOT V NI, cosd a37PD5a3:3), TJaB)T (3) FBOD 3P 5a00NTII TS

P=UZ)(DR/Z) = I2R... .. .....(4)
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ReEFTTLDOT (4) FBO 0R 3z00N BTRETROT 3003 AR, TWIZT aNI),
FD0E3T* AT, 0350)T3¢ JBONT, ACIRITHDC). DOWIT AR 2T .

RC 2¢DCX* BB €N S0P’ eI, BS0® F°F
e32E ABTREE, BTONTRR eI, LTI Tad'e €9, B33 2.12 B). 3DITONTS

RC HIfere1 Afhe

IR et Tfdhe eurs Afthe arawar Yy s 12 g uftRly, 3R sigw U axffaar
STl RIS HURIT-H 3Rced] Y HURIeIdg Hifcidhd Slisadl 3RId. Siegl U-digsd
Glees AN $hd o1d, dagT o Afbereha ufeRiy (R) 31 HuRiew (C) a1 aelgR faggq
YaTETH YdTeTdhs Ad, | TUM GRITar Sl Rt TR Wfehe SIRpTRYA 3t 2.10 el
TR0 G 3o

RC Ji afbed BRI s
T YRS Wi BRR 31t 3t 2.11 AL gRifaar sme

SAIdT,
Vr = IR 3HTfOT Ve = IXC
S XC = 1/2xfC
PHICHIH FADIU OAB A,

V= y(VR)?+ (Vo)* = (R + (Xo)’

V:I/R2+Xg or
v

z= |R? + X2

Z BT RC HIfeienT WichegR YAt aTgra Hargrel faaar UaRur foriy 3MTg SMifoT <ran dfdsean
gfdaTyT IO, § 3M1H (Q) A Hisid Sid.

Bl B
R GRAcTd] BRR ATHdae- § WY 8id &I AibcHdd [dggaudrs dr] @leesial ¢ DM =l
ST T B ITE ool SITe T UTdTeT.
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Ve Xe _ Xc
tang = — —  or
Vi« IR R
Xc
= 4 Sl
@ an =
RC ¥ afbened ufar
Ut Afchear AN BIUMRT UATdT lecs! THIBRUTGR fGadr sedr™
¥ =V ST ()
i= Lxsinlot + @) s ()

UM, Al I Wa p = vi gR faelt s
(1) STOT (2) FHBRUMGA v 311707 i <ft fhard p = vi & TIH 0l

P = (V,Sinwt)x I, sin(wt + @)

Vinlm
== 2sin(wt + @) sinwt
P= V—m — [cos@ — cos(Rot + @)]
V2 V2
¥ 1. Vo oy -
= 0s@ — — — cosLwt+ @
o V2 V2

Ul ThTd AicheH e dTORAe SRR Soll ATy el ST

Vi i Vi
P = average of —= -2 cos@ — average of —= = cos(2wt + ¢) or
VZ V2 VZ V2

Vi Iy
— — cos@ — Zero or

T2 V2
P = Vr.m.slr.m.s COS(p = V I COS(‘p

Y cosd A Tfhedn UlaR thae I,

Ve IR R
cos@p = — = E

vV 1z -+ (3)

THIBRT (3) AYT V 30T cosd o A CTH e Wekid Hed Bl
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P=(UZ)(D(R/Z) = I?R............(4)

THIDHRT (4) T g WY e DI Ukl TIETT Bhdd UIdHRIA Aol ST SATOT HURTeR
AicheHe HIUNTG! JMekil aTURd ATl

RC IRl afhed dgwiH ATOT UTaR ash
R} Tfehed JegrH 3N UTaR ash 3Mapelt 2.12 Hel axffad 3R

iii) RLC Series Circuit
The combination of a pure resistance (R ohms), a pure inductance (L Henry), and a pure capacitance
(C farads) connected in series creates what is known as an RLC Series Circuit. In this configuration,
since all three elements are connected in series, the current passing through each element of the circuit
is identical to the total current, denoted as I, flowing within the circuit. Figure 2.13 shows the series
RLC circuit.

, R L C
—ﬂ—/\/\/\/——r‘vvvr “
Vg V. Ve
—et VvV )

v =V, sinwt

Figure 2.13: Series RLC circuit

XL =2xnfL and Xc = 1/2=fC

When an AC voltage is applied to the RLC Series circuit, it results in the flow of current denoted
as | throughout the circuit. Consequently, the voltage across each element can be described as
follows:
e Vr=IR: This represents the voltage across the resistance R, and it is in phase with the current
l.
e VL = IX¢: This indicates the voltage across the inductance L, and it leads the current | by an
angle of 90 degrees.
e V¢ = IXc: This signifies the voltage across the capacitor C, and it lags the current | by an
angle of 90 degrees.
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Phasor Diagram of RLC Series Circuit
The phasor diagram of the RLC series circuit when the circuit is acting as an inductive circuit that

means (VL>Vc) is shown in figure 2.14 and if (V< Vc) the circuit will behave as a capacitive circuit.

vV
LI V= J(VR)?+ (V.- Vo)?=y(R)?*+ (IX,— IXc)? or
" V=1R?+ (X - Xc)? or
V.-V ' = v .
- Vi=Ve=IX-IXe Rt X,- X L

- | Where,

Z=yR?+ (X,— Xc)?
Ve l Figure 2.14: Phasor diagram

It is the total opposition offered to the flow of current by an RLC Circuit and is known

as Impedance of the circuit.

Phase Angle
Vi—Ve Xu— Xg
tang = = or
Vr R
X, — X
@ = tan * =Lt

Power in RLC Series Circuit
The product of voltage and current is defined as power.

P = VIcosp = I°R

Where cos¢ is the power factor of the circuit and is expressed as:

Vr
CosS@p = — =
A
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The three cases of RLC Series Circuit

When an AC voltage is applied to the RLC Series circuit, it results in the flow of current denoted as
I throughout the circuit. Consequently, the voltage across each element can be described as follows:
e Vg =IR: This represents the voltage across the resistance R, and it is in phase with the current
e VL = IXy: This indicates the voltage across the inductance L, and it leads the current | by an

angle of 90 degrees.
e Vc = IXc: This signifies the voltage across the capacitor C, and it lags the current | by an

angle of 90 degrees.

RLC I0ed IB0:¢3°
DT, BTG (e30° L,a3), T, YOBTNE, (R B) a0, T, THAEDS (R
H;0CF) RTLBONE). ROBFERBORTIT ROA3BLIOR) RLC RTED RABR5EE3° 0TI
TEONO,BIZT. S ROVWBIONE), D9, DRI O3NS  ITLBODNC),
RAOBTENRRORTR)TOOT, AT EFI T3O3ROT) 90TW sNRDT FTNIBELNIES
)0 0e) ATREEFIRPT BOO3NT | DOTW) RRWADIE e, e300, BRI T.
33 2.13 RV RLC ABR563° 93), 3LDRIZT
XL =2xnfL and XC = 1/2=fC
RLC RTB303 RB56E3FT AC a300e3,£2% €930, €93, ,OATION, (D) BB EFT3;03 |
N0 ARV RCIT jaioBe BN TN R, BOBoe0N, T8 LOJTWES
wPCe3L£2T 930, B8 FFNTO3I e3DRTITI):
* Vr = IR: BT 3B R M0G3503 30CS3L£2° €930, 3R RIZT 03, 9T
DA.3 | SoddN BWO3ITE) .
« VL = IX1: 933 BOTWB, L &) a3@0e3,£2% €930, BRWBRIZT, a03), 9D IJy=A3 |
€930, 90 Q7Y TRESDOT NNT,BRIZR.
« Ve = IXc: BT FwaAEIT? C O00T3503 o33, L2 930, APWRIZES, 203D, AT
WAR,3 | €930, 90 &N TRESDOT AP 0WRRAPRIZT.

RLC T0€3 B30;F 35S FoR0° B¢ 3)
RBE5EE3° YOWB® RBEEET €3N FoONEDBZE0RISTdedont RLC  ITLBOD
ATR;EFS PosR0° LA Fjad, 233 2.14 B, 3,¢0RDN (VL>Ve) 303, (Vi< Vo)
RBREE3° TDozAE3R°* AT €3 €3N BRI T,

V= (V)2 + (V= Vo)2=y (IR + (X - Xo)? or

V=I1R?+ (X,— X¢)? or

- v v
JR2+ (X, - Xc)? L
)

™!
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Z:\/Rz‘l‘ XL — X)?

BT RLC AT EF Q0T 23je30BTS BV eIN DTS 203, cdTURLEEINES 03D, AT,
AT EFS 3 3TSREE DO TCONIMI .

033 BRCS
Vi— Ve . Xy — Xc
V¢ R

Xy — X¢

tang = or

ig:= tan -
RLC 03 33057 E¢3*< ) F30°
L3 LT aNI), TWjeoBES 3,333, T8, DOTI) 205DV AINTI.

P = VIcose = I?R

€9¢) cosd ATREETS DTWI5T° L9I0TONTS eI, VW, 0N e35TBRA TN I TI:

RLC 03 B30;F ¢3S e000) &F0oN e
RLC RTEIO AT EFT AC o3/0€e3,£23° €930, 93, ANATION, BT AT EF V03503 |
N0 ARV REIVT 0B BV FOTWINMIZ 3. BWOBoNN, T8 03T S
BFRLE3. LT 93D, BB TPNTO03I )a3DRWTBIT:
* Vk = IR 98 F3BeEE R S, 30e3LF 9, F3IPAIR, 303I), /D
TyR.3BRODN BOISTWAE
« VL = IXi BB BOBTL, L S, 33@0e3,025° 930, BRWBAIIZT, eI, BT JA3 |
€930, 90 BN TRLISDOT 2IT,BRISE.
* Ve = IXc: 9B TH0AET® C OPT3503 o30S L 93D, RRWBAIZD, oI, /LD
FAL.3 | €930, 90 BN TRESDOT )P OWNRPPRIZTH.
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RLC AT Afdhe
‘{],?g{?lﬁw (R ohms), QJ,@'&‘EHET\E[ (L Henry), 3o Aiferdhd Siedd L capacitance (C farads)
e FGISH RLC T Tidhe U 3fieswd UK AT &-d. I1 SRR, gl gcdh
HTfeiod Shiedd 3RIed, Afdhewdl Ud® UehIqT SIUIRT faggd UdTe AidheHed aguiRT | UM

GRIfqedT U1 T fagyd VaTer IRl SRId!. 31 2.13 AT RLC dfdhe graad

XL =2xnfL and Xc = 1/2afC

ST AC @leesl RLC HIferenT fdhedR AN dal Sild, degl Tal URoIme Squf Sidhensd | U
1S, Qhd:

« Vi = IR: B YT R {1 Bleewr ufaffiia dxa 3nfor d o | 98 e ofR.

« Vi = XL B S8Fe L a1 slec ol GRIad SO o fagde | &1 90 Sf=I=al Hi-H Adl ST,

« Ve = IXc: 8 HURIER C I Rleeol GRIgd 30T o fagdd | @1 90 Si=IT=a S AT eTdha.

RLC Hrferest Afdhed Phasor 3Tt

RLC HifereT Tfdhed HIR 3t sl Aidhe gefaees Afdhe WUH &1H Hd SRId U
(VL>Ve) 3T 2.14 HH TrRAAA ST 30T SR (Vi< V) 3Rd TR Fidhe duRifceg dfoe B
GRIKH

V=J(VR)?+ (V.- Vo)?=y/(R)?+ (IX,— IXc)? or

V=1R?+ (X,— X¢)? or

. v v
JRZ+ (X, - Xc)? L

¥,

Z=R2+ (X, — Xc)?

BT SRUCH! AfhegR TaTgT HaTgTel faoiar YT faRTe 3i1g 10T el Sfde uiaare

IEU 3ficsdal S,

Bl S

Vi— Ve _ X — X
Ve R

Xy — X¢

tang = or

/= tan
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RLC HifersT Ofdhe Aed Traxdit

glecsl MO Hcd TG ekl TUH GRUTT Pl 3Ts.
P = VIcosp = I?R

WY cose BT Ffehean UlaR thaex 3MTg 3Ol ATUHTOY S Bl ST

B VR_ R
COosp = vV 7
RLC HifereT Jfbe i yho

ST AC @Iees RLC HIfedhT Afchear @] ohdl ST, diog] dTel GO Ui Afdhersd | U
SRifdeaT ST faggd UaTerd gidl. URUMH, Tdd Uchiorid wiecold Ui JTaIyHIol doel
SIS, Yahd:

* Vi = IR: B 3R R AEld glecord UfdfAfda ®rd 3111 d faggd varer=r ewrd 3.

. VL= IX.: § $84C9 L TR0 Glees aRiad HTMOT o faggd | € 90 =M S A ST,

« Ve = IXc: 8 BURIER C aid glecsl GRIdd S1fOT o fagdd | A1 90 Si=IT=AT i AT Tldhl.

Impedance Triangle of RLC Series Circuit

B When the values represented in the phasor diagram are
divided by the common factor I, it results in the creation
of a right-angle triangle referred to as the impedance
triangle. Figure 2.15 illustrates the impedance triangle of

the RL series circuit, specifically when X is greater than
X, - Xc Xe.

If the inductive reactance is greater than the capacitive

¢ - . o
A
0 reactance than the circuit reactance is inductive giving a

R lagging phase angle.

Figure 2.15: Impedance triangle (XL> Xc)
Impedance triangle is shown in figure 2.16 when the circuit acts as an RC series circuit (X< Xc)

R

XC_XL

B
Figure 2.16: Impedance triangle when circuit (XL< Xc)
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BCRT® BT TBAPAI PO NFP T, AREIOTs €903 | DOT 3NATIN,
B F30RLE IJFRLS N0 SLDRRET  OOWTAS TS TFIN
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BOBB,EY° 3N, TDOBNIOHN BOIT TR, DCTBIITI.

RBE5¢3° RC RATLROD RBE563° €3N FoONE DeSE0ALION 318BUE 3B RT3,
233)2.16 3¢). 3,CDRIDNT (XL< Xc)

SIRT BRR Hare aifaad o IR U | gR fAUFTe Srdrd, degl ram aikoma
gfaTeT AP0 TUH S W SITUMRT HIcdh I A 01 TR BIdl. 3! 2.15 RL AT Aichea
gfaaTeT AdIume quie od, faRIvd: ST X, Xc UalT HI3T S,

R R 3fifehar Hofdifee Refqeque Tfdhe Rafae—auen TR 3R d- IR fafshaar aii
Ul Tet feetm ST,

gfaaTer BT 3Tl 2.16 A GRAAAT STdl sieg] Aldhe HRAT YRSl Hidhe TUH B HRd
(X< Xo)

2.1.5 Active power, reactive power and apparent power.
Concept of power factor
The electrical power in an AC circuit is termed Complex Power, which encompasses Active Power,
Reactive Power, and Apparent Power. Therefore, AC power, or complex power, is further categorized
into three components:
1. Active Power
2. Reactive Power
3. Apparent Power

N AFR;EEFIAS AW FFONTY, ROBCHE T DOTWY FTODIIMIEI, AT
RFOD T, &)33O3, T J, a3, AR, FFONT), WwFNRPOBE. €353 D0T3, AC &30,
9P ROBCE JF, aNI R, ANRT FEITNFPN [NCETOALING:

1. 3D 38,

2. B30 3,T I3,

3. R, R, 38,

AC Fihendia faggd Tradiar Hinae Uiar 3 TUrdrd, SaHe |ihd e, Ufdfsharia
Tk STIOT T Al THIAY 3. T, TH UieR, fhal Siieidd iR, Yeld di- gehiaed
Tiffepd o 3Me;

1. Tichd kil

2. Ufciforarsiter et

3. 3YS et
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Active Power (kW)

Active Power (kW), also referred to as True Power or Real Power in AC circuits, represents the actual
power consumed or utilized in the circuit for energy conversion. It is denoted by the symbol 'P" and
Is measured in units such as Watts (W), kilowatts (kW), or megawatts (MW). In a DC circuit or a
pure resistive AC circuit, active power can be calculated as the product of voltage and current.
However, in an AC circuit, it is determined differently:

P =Vams * Icms) * Cos ¢
Where ¢ = Angle between Vams) and Igms)

oD I,

AC ZBR;EEFNY). €300y B30 9550 DONEF TWa3T® DOTR FTODO,TIS A0 T,
(kW), 33,03 BORIEIMON ATREEFTE). ACIAT 9ITe0 WFAR D26a008 800D,
TSI, AW, P BH,0N0T ARRAWRDMIE DI, 953N (W),
B3BRCDEFNS)  (KW), €90 MW NS (MW) S03B  RETRSE).
e9FONEMI P, DC ITR;6¢3° 9T NG, R3TREFT AC ATR;6E,0)., IO
O, LS L eNI), WALIT® I SyeooN S3T,300TWIBIC. CSTWNR;,
RNTREE,S), TR, edPS3290N AFEOR M3 T:

P =Vams * Ioms * Cos ¢
Where ¢ = Angle between Vams) and Igms)

aferd it

Tfhg iR (kw), STEl AC TfbeaHed T UlaR fdhar Refe Ufer wUH! ey Sird, Sl
FUTARUTATS! HfheAe acie fdhaT aTuRel! STUMRY ardfde ¥a! axiad. § 'P' foe ifaa
SITd T I (W), fhaiaed (kw), fdrar Amare (Mw) IR giead el HisTd oifd. ST dfde
fohal Y URRIYS Wi Aibersd, Afohd Wad! Glecs! T Hcd UIHR BUH Hiotdll ors»
J[hd. T, TR AicbeHed, T I Ui HeiiRd oval ST

P = Vams) * Iams * Cos ¢

Where ¢ = Angle between Vams) and Igms)

Reactive Power (kVAR)

Reactive Power (Q) is associated with the reactive components (inductors and capacitors) in a circuit,
flowing back and forth. It's often termed "wattless power" as it doesn't contribute to useful work but
instead places an extra load on the electricity supply system and consumer bills. Reactive power is
required for the functioning of capacitors and inductors, affecting the circuit's power factor. It exists
when voltage and current in an AC circuit are out of phase.

Pure inductors and capacitors don't consume power; they exchange the same power received from
the source in each half-cycle, leading to the flow of Reactive power (Q) back and forth. It's measured
in VAR, kVAR, or MVAR and doesn't apply to DC circuits.

In the case of the DC circuits, there are no concepts of Reactive Power. Whereas for the AC circuit,
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it is calculated as:
Q =Vams * Iams * Sin ¢
Where ¢ = Angle between Vams) and Igms)

®)33)03503.% I3,
DO38,20° WST® (Q) 20T ATREEFI), Tjd3)0303,.F WETNLRODNR (BOBT,T N
2N33), FRALT NE) FOBRERIZNT, FOTF, a0, TNOTWT, BOOINIT. AT,
AO035eI0N "33 A° FWe3T" 03D TCONITIZ LS DTOWT BT GVRBOINT, TOAT,
FRRBIN DB, 3T WHRON IT053° ATWTOR) 35338, 03I, NYBTT DeFNY
€3 BP0 BRTODI), YOAIW. THALKTTNE DI, VOBTONY
FTOODE NREBHBN 333003, T JFOD e9INB5edT, VT AT EFS W53 0TI
203 WO W3R, AC AT EFTD). 33, L aNI), Bjedodday) BOIDOT
BRTNTIIN I3 92 3 D3,
DT, BOBTONY) 20D, FROAELIT NS FFONT), WFAMRNQ); 9330 )8 93¢ -
BIRD, DPRODOT BBEW  9TE JFODTY), N0 00T RI,TT, B
%3803, JZ0D (Q) 200TWF, a3, T0TF, BOARNNIZ . AWV, VAR, kVAR, 953559
MVAR 3¢)_ e98030e50mM3S a03), DC AR EFNONR 93,002 DE). .
DC AT ¢3*NY R0WPERE), DO3I0B,5° BT O0e)T¢ BWOT,[NYE) . €333 AC
RTREE30,N, AT, GolN 3T,500TIMIST:

Q =Vams * Iams * Sin ¢

Where ¢ = Angle between Vams) and Igms)

wfaforarsiie 2rdt
fYifdes UiaR (@) B Gibendia Rifdes gcaixl Ssaed i Hufiex) Jafia o, ge-am
qIgd. Tl §Tdel "dicad UlaR” 3 Yt Sid SRUT d IUgad HIHEd NG od el IR
UGS diol gRA3T JUTel ST Jgahia fadiar SHfafad UR Tidhd. Afdhea UlaR HhaeadR
GIRUMH RO HURTER 311 SSaedia SR UalhaRiia Ui aRad 8. Sl AC
Gfcrenefia wleest ST He THor STeR SRIAT degl o SiIaTd 3.
< S8dCH AU HURIER divl aTRd ARG, d Tdd d-aehied Widrhe- Mol THH
Tkl SATUTIATUT HRcTd, ST Ufdfeharsite Qrekdl (Q) AT UaTE Yo HTUTYe STl 8 VAR, KVAR
fdhar MVAR Ted HioTal STTd 311f0T DC Afdheqar an] gid ATgl.
SRf Afdherean sradid, Rifdee tiaRa PIVATG! YhedHT Aigld. R Tt gichedra!, § o™
EISASIGE

Q =Vams * Igms * Sin ¢

Where ¢ = Angle between Vams) and Igms)
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Apparent Power (kVA)

Apparent Power, denoted as 'S', is the combination of Active Power and Reactive Power in a circuit,
representing the total power. Mathematically, Apparent Power is defined as the product of the root
mean square (RMS) values of voltage and current, regardless of their phase angle. It's measured in
units like kVA (kilovolt-amperes) or MVA (megavolt-amperes).

In DC circuits, it simply represents the total power of the circuit. However, in AC circuits, Apparent
Power is calculated as:

In terms of Active and Reactive Power, Apparent Power is calculated

as S=P+jQ

5= P71 Q2
R,&, 38,

'S' QOT BRVBRRT AR, JBO ATREEFIAS IZHOD 33, 03), 1830303, T
3803 ROO3REZHIOIVNES, BT 2E3),, FFONT, F8IPRIZT. NBIT &jToT, AR,
O, 9INY BOITW TSR, S33,AWONE &3¢e3.£27 DI, FTOEFS PO
ROORD WOTEW (RMS) PO4NE 3 S, 0D 290509500 RNG. BB, KVA
(B33Ce3RCET-e30DONT?) 9530 MVA (2RMee3RCeE-30D0NT?) SOIT/ FETNY ).
9P ODIMI .

DC RTPsELPD), AT AT, weD, JFONTD, TyIIPAIIX. e3enes, AC
ATREEF NV, BB, SO, o7 €35, TTRMII:

S = Vams * Iams)

In terms of Active and Reactive Power, Apparent Power is calculated

as S=P+jQ
S =4P%+ Q2

JUS KN

3fIRe TlaR, STQN 'S’ WU aRifdd Sld, § Afeveddia Aishd et 3nfor ufaferarsita wadi=
AT 3Tg, o THUT Yakira UfdfAfeed dHd. TR, 3{Uc UlaR § &lecsl 31101 dhcal
*¢ HH W3R (RMS) ot TUMHR UM TR $dl 3R, i< Tl 3! uaf 1 S,
g PRI ([hacgiee-3iUsR) fhal THRT (@M Teg ee-3iUsR) IREAT e Hietd S,
St Gidbcuned, d Bad Aidbed! THUl Akl GRiad. quTfy, TH afdbcaned, Ty Kakite T0HT
GTATTVHTO Bl STe:
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S = Vams) * Iams)

In terms of Active and Reactive Power, Apparent Power is calculated

as S=P+jQ

S =/ P2+ Q2

Power Triangle

The Power Triangle is a geometrical representation that illustrates the relationship between Active
Power, Reactive Power, and Apparent Power by
representing these quantities as vectors. It serves as a
visual tool to showcase Active power, Reactive power,
and Apparent power in a phasor diagram, with voltage
acting as the reference phasor. This triangle is
particularly valuable for determining the power factor
of electrical circuits. Figure 2.17 shows detailed power
triangle.

Reactive Power
Q = V(m')“ I(m) * Sin ¢

Active Power
P = Vi * Iems * Cos ¢

Figure 2.17: Power Triangle

RBI0* FRCRTT) W53 WYS3IF5200NTD), B RN PR, WO YN
FBADRIT DROT IO J, T3YPOIVIT I8 e03), AR, FILOD SBIIS
BOWOTTT,, )ewDAIBR. HoRT® BV’ Ze). A0 33, 33030 3.F 33, a3,
B Ry FFONTY, BTIERE) AW 03,5 MOGENeo0N FOONE De3E0RIZE, ag@ee3 £23°
V3 LDT BOZeIIN FTOODNE DeIE RIS, B8 TR ed) T3 ATREELS ITIs3°
9033, AFPEDIO) dFReN 235250300 3200N3. 233) 2.17 )BT T ITWI53°
BT eS3), 30AIST.

UiaR ¢ & U Mg ufafAfia omg o a1 IR daex U UKd B |ihd ek,
gfforamRiTe Fredt STf0T TS <ad! TN YaY TF I, § Blecs] AaH HeR U HIH Hd
ST IR P Hichd rah, Uidfsharetd et S0 TT Rad! q=ifuard exg qre
TEU[ HTH B4, SAfdedhd Jldhedd UlaR thaer fAuiia Hruarmd g1 e faiva: Hegar
3{Tg. 3Tl 2.17 TURNAIR et Apivr gifaa.
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AC Circuits- Practice Problems

1. The voltage and current values of a 50Hz sinusoidal supply are given as: vi = 240 sin(ot +60°)Volts
and it = 5 sin(ot -10°)Amps respectively. Find the values of the instantaneous power and the
average power absorbed by the circuit.

Solution:
From above, the instantaneous power absorbed by the circuit is given as:

= vxi= 240[sinmt+eo°] % 5[sinmt—1 00]
p— 240x5{sin[31 4.26+60° )sin(314.2t 1 00]]
“p= 1200{sin[31 4.2t 60°]sin[31 4.2t1 00]}

Applying the trigonometric identity rule from above gives:

. . 1
SinA sinB = i[cos(A—B)—cos(A+ B)]

then:

Vi 1
p = —TM| cos6 - cos( 2wt +8) |

p= 2200 0580 (-10))=cos(2x314.2t+60+(-10))]
np= 600{cos[70°]-cos[628.4t+ 500]}
ar

By = 205.2 - 600[008(628.4t+500ﬂ Watts

The average power is then calculated as:

Vi, 1

Paavg = Tmcos(a‘J - 6;)
240x5 0 0
Pavg = — 5 003[60 —(-10 )j
. P(yyq = 600 c0s(70°) = 205.2 Watt
“Flavg) = COS[ ]— . artts




105

2. A solenoid coil with a resistance of 30 ohms and an inductance of 200mH is connected to a
230VAC, 50Hz supply. Calculate: (a) the solenoids impedance, (b) the current consumed by the
solenoid, (c) the phase angle between the current and the applied voltage, and (d) the average
power consumed by the solenoid.

Solution:
R =30Q,L=200mH, V=230V and f = 50Hz.

(@) Impedance (Z) of the solenoid coil:

R =30Q

X, = 2nfL = 27x50x200x10™ = 62.8Q

7 - (R2:x2=\30%+6282 26960
(b) Current (1) consumed by the solenoid coil:

V =1IxZ

LV _ 230 _
2l= 2= £3% = 3.3 Agms)

(c) The phase angle, 6:

_R ing = AL _ AL
cose_z or sind = > or tand= R

1

. _R _ 30 _
2. CosSO = > =~ 506 =0.431

cos '(0.431) = 64.5° lagging

(d) Average AC power consumed by the solenoid coil:

P=V=xIxcoso
P_ 230x3.3x cos[64.5°j

P =327 watts
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3. A wound coil that has an inductance of 180mH and a resistance of 35€ is connected to a
100V 50Hz supply. Calculate: a) the impedance of the coil, b) the current, c) the power factor,

and d) the apparent power consumed. Also draw the resulting power triangle for the above
coil.

Solution:

350 || 180mH |

- v
" 100Vems 50Hz

(@) Impedance (Z) of the coil:

R = 35Q
X = 2nfL = 2nx30x0.18 = 56.6Q

Z - JR24 X2 - 352, 56.6% - 66.50

(b) Current (1) consumed by the coil:

V=IxZ

. V. _ 100
..I: 7 :m - 15A(rm5)

(c) The power factor and phase angle, ®:




|3
X
>

e

COSh = > or sing =

'z’
: _R _ 35 _
s.COSd = > = 56 5 = 0.5263

cos 1(0.5263) = 58.2° (lagging)

(d) Apparent power (S) consumed by the coil:

P - VxIcoso = 100><1.5><cos[58.2°] _ 79W

Q = VxIsino = 100x1 .5xsin[58.2°j= 127 .5VAr

S =VxI =100x1.5 = 150VA

or §%=P%Q°

S S =P+ Q%= {797 1 127.5% = 150VA

(e) Power triangle for the coil:

Q. = VI.sin®

S=VI=150VA
= 1275 VAr (lag)

®-582° [ ]

P = VI.cos® = 79.1W

107
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2.2 Three Phase Circuits

2.2.1 Generation of Three phase AC quantity

In a 3-phase system, there are three identical voltages or EMFs, all with the same frequency, and they
exhibit a phase difference of 120 degrees between each other. These voltages can be generated using
a three-phase AC generator, which consists of three identical windings positioned 120 degrees apart
from one another electrically.

When these windings remain stationary while the magnetic field is rotated, as depicted in Figure A,
or when the windings are fixed in place while the magnetic field rotates, as shown in Figure B, an
electromotive force (emf) is induced in each winding. These induced EMFs share the same magnitude
and frequency but are displaced from one another by an angular separation of 120 degrees.

Stator €a1a2 €pb1b2 €5t

Figure A Figure B Figure C

Figure 2.18: Three Identical Coils

Consider three identical coils labeled ala2, blb2, and clc2 as depicted in the figure 2.18. In this
diagram, al, b1, and c1 denote the starting terminals, while a2, b2, and c2 represent the finishing
terminals for these three coils. It is crucial to maintain a consistent phase difference of 120 degrees
between the starting terminals al, b1, and c1.

Now, when these three coils are mounted along the same axis and rotated in an anticlockwise
direction at a rate of (o) radians per second, EMFs are induced in each coil. In Figure C, we can
analyze their magnitudes and directions as follows:

1. The EMF induced in coil ala2 starts at zero and increases in the positive direction, as indicated by
the waveform eala2.

2. Coil b1b2 lags behind coil ala2 by 120 electrical degrees. The EMF induced in b1b2 is negative
and reaches its maximum negative value, as illustrated by the waveform ebl1b2.

3. Similarly, coil c1c2 lags behind coil b1b2 by 120 electrical degrees or is 240 degrees behind coil
ala2. The EMF induced in c1c2 is positive and decreases, as shown in figure 2.18 C by the waveform
eclc?.
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Phasor Diagram
Em(clc2)
The EMFs induced in the three coils in 3 phase circuits are
of the same magnitude and frequency and are displaced by
R an angle of 120 degrees from each other as shown below
E',n((,ldz) in the phasor diagram in figure 2.19.
These EMFs of 3 phase circuits can be expressed in the
form of the various equations given below

Em(bth)
Figure 2.19: Phasor Diagram

€a1a2 = EpSin wt
€p1h2 = Epsin(wt— 21/3) = E, sin(wt — 120°)

€c1c2 = Ep sin(wt —41/3) = E,, sin(wt — 240°)

3-BO3T 537,00, TDRTI 2,0TE VL3O LS LTNY) 9T BT P N
B3, I WwOTK €3533ESBVPORN, 20D, €953 WTA BT SIS 120 BNNY BOIT
35T RIT), JYWIERIZ . eNRTI-TBOITW AC BTTCEIT® €930, WFRITROTWY B4
LS LTNFI, PVI,DFVBIT, AT PRTY 2,0T¢ DI OB NP, 120
BNNPRY, BRTTE), YORIIT.

e300™9,03¢0D T £330, STINAIIN &8 LODBROTNE) A TN GOPDTIMN,
B3 A 0D, BYFING, TP T03FLIY) ITINMISTeN LOTBROTIT
AFTD), A Twomen, BF B oD I3eDATVFTO3, Jyd OTBROTIT
RN3TR,,LBRCE* FPCAE (BRI RD®) I, IFRRAOMNIT. & )03
BRRFRF TP 20TE &)z 2303, 333 Fadm), BOW TR, S 3 33T 120 BNNY
FRLALAD 23C@BE LT ANOT 2OBDOT BIR,0TR),, R Po0ZDAMI .

233)2.18 3€). 23 8203 ala2, b1b2 s3I, c1c2 DOTI) 3625 e3TVTICIVTI e T 2,0T3C
RIVIONF), BONEIR. 8 BCw0e3Z ), al, bl a3, ¢l e3B0T E3eNETINFI,
RRWRIZ I, ST a2, b2 aDI), €2 B8 &NRTI AMTIPNRPNR 9035 E3eE I NTI,
TBAPRIZ e, 3TOYT E3eE ST NS al, bl 03, ¢l IS 120 BNNRY A3 BO3W
W5 IV5A I DVeSEBAITYT) WBY 230D,

7, B8 ePRTY AIRNPNRF I, 20T IFT VT TR, BRCBATIN NI, &8 ATOBN
() BERODTNY BORE), 9T FoToT D,3), 3BINATN, 38 RITYPOD), EMF
N BT, B3 3. 233) C 0N, Do) L9IYNS 3323000 203, DT BINF 0, B3
FFNS03 DT LARWIIT:

1. ToONe® ala2 I¢) FDIworS EMF BR300 @98023w00m3 % o303y, EAla2
3VONCRATROR BB ATOI Foo3 T DY, BT, M3 .

2. FoONE h1b2 Foadde>® ala2 NO3 120 ATWsT° BNNY R, OTNPR. blh2 I,
H)XDIZe0T EMF 2003, T NI 203, eblh2 3TONTCRTROT de3DAT03I €933
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NO&RE, 2DT0I,T 23025330, SENR)I 3.

3. ©90303¢, TS c1c2 FoANEC® hlb2 NOI 120 N33,,T® BNNF R, ORI
9P FToAE® ala2 NO3 240 BN H0W YRB. cle2 I) FD3z0w EMF
B3 FTNDITW NI), 218 C ITondezm® ecle2 ). 3eCDA303
FEDOMI .

FOXO® BCw0W3 3,

3 WO3W ATAFEFNYE). 3DRTY RVPNFS). FLDI00TW QWP R NS 2,0T3¢
T390 NI, €3533F Va3, BRONTZ e eI, 283 2.19 B S BOI BB I,
TN 3/0¢02003038 BWTR,C 120 BNNY TRSDOT A F203DAOMIE:

3 BOITW AT EINY T8 BRI AP NP, FFNR BT dedP AeIXTTNY
BRTTE). 235T.BRRLTBITI)

€a1a2 = EpSin wt
€p1h2 = Epsin(wt— 21/3) = E, sin(wt — 120°)

€c1c2 = Ep sin(wt —41/3) = E,, sin(wt — 240°)

3-Oo RIETATE, <1 T Slecs [dhdT EMF SdId, 9d 9 dRARNE, 30T d ThasHe
120 {1 ol R UG RId BT, § G lecol 21-Uhol T SFReR dTie aaR &l oS Jdhdrd,
S T UH IR ST SrRard o ThHBIUNH 120 3R S{aRTaR Saifdgdmat SRy,

TPl A T SRIAITIHT ST Jabid &7 fhrd SRiar g fafén RR gdrd fdbar Sie
e &7 fiha samT fdfé™ JraR RR 3¥drd, fiddl B A GRidedTyHdol, Tddb
JBUNR FaacHICE B (emf) URT ol SId. g URd EMF THM 9iR&ATT 301 aRarar
TATRIS HRATd TR 120 SR DI AU THAH U R glard.

3Tt 2.18 T GRITAITIHIU ala2, bib2, 30T clc2 T dreledT -l THM Plsardl (AR BRI,
g7 MHAH, al, bl, MO c1 Feardd SHAd qRiadrd, @) a2, b2 30T c2 a7 fiF Hisawra!
Sifaw efifa aRiaara. geard <H—e a1, bl 3Mf0r c1 ALl 120 iR AAAYUl el B
G HE T 3.

3T, SiegT a1 fadwe! Plsd ThTd SH&TaR d9dedl Sdid T (o) ST Ufd Jdbg a1 oA
TSI 3a1c G- fhdedl Srdrd, degl Uddh dhisaded EMFs URd gidrd. 3fidhdt ¢ T4,
3TYU1 i GRATOT SO fa=Tie Wity aTo) faReyor s Qava:

1. 4ahiH eala2 §R GRIACITIHIV, Hisd ala2 HE YR EMF LATIRE I 8Id S0 GHRIAHD
fa=A ared.

2. DI3d b1b2 PISd ala2 AT 120 Feifdedhd SR AT 3178 b1b2 TR YR EMF U7 3118 {01
eb1b2 TR gR Y HedTIHTY, AT HHTA BT edqdd Uigieid.

3. ARYHT, DISd clc2 Hlgd blb2 =T 120 Safdcdhd RN AR 378 fdhdl Higdl ata2 AT 240
32 AW 318, clc2 A IR EMF IHRIASD 3T 3T eclc2 O gR HPdl 2.18 C AL
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ffaeamm S ghar.

TER STl

3 B Aidbcaadid a9 eigeansd URd EMF 90 UREATT S1fiT IRARGT 3Med S0 Sl
2.19 TENA BRI SATHTHE T GRNdedTIHI0 ThHS AR 120 ST S [GRATUd gidrd:
3 T Ffdhead g EMF aTal! feciedt fafay THiemui=n waveurd ad ddl Siigs YdhdTd

€s1a2 = EpSin wt
€p1p2 = Epsin(wt—21/3) = E,, sin(wt — 120°)

€c1c2 = Ep sin(wt —4m/3) = E,, sin(wt — 240°)

2.2.2 Advantages and Limitations of 3- phase over 1-phase

1. To transmit a specific power over a specific distance at a given rated voltage, a three-phase system
needs less conductor material as compared to the single-phase system.

2. The size of a three-phase system operated machine is less than the machine operated at single phase
voltage having the same output rating.

3. In a three-phase power supply system, the less voltage drop occurs from source to the load points,

4. A three-phase supply produces uniform rotating magnetic field therefore, three phase motors are
simpler in construction, small in size and can be started automatically with smooth operation.

5. A polyphase system produces power at a constant rate in the load.

6. A three-phase system can transmit more power as compared to a single-phase system.

7. The efficiency of three phase operated devices and appliances is higher than the single-phase operated
machines.

8. Three phase machines are less costly and more efficient.

9. A three-phase system provides constant power while a single-phase system provides pulsating power
which leads to a smooth and vibration free operation of a 3-® machine as compared to the 1-®
machines with noise and vibration.

10.The output rating of machines can be increased by increasing the number of phases in a system.

3-8037 1-8B03TW 9NTRONY) D 3), AN3NYH

1. AQDER, TEF PFRLSB LTI, ADFR, BRTRD), ADFR, JZONTD, TR,
2oney Fea* 1E, 30 BRCDADT DRV BOITW WsasA, N TR FOBTO® SR,
ATGRINCAS

2. NPT BOITW AFEF F0DI ODOIT MI)ag) 2w0TE BOITW &3@LE3 LTI 2,0T3¢
B R)€3° BLE30TTSE). ToONE Va3 0RI OD0IF)B,03 FLNOIN.

3. SRV BOITW I3 FTWTOL 353 A ONE)., TE a3@Ce3,£27° T3)R° RO
SRETE WAOEF NP 0L IR,

4. DRV BOITW BRTZFON) NTCRIE 303 FT03TLFe3), PVI,DRIIT
300, NPT BOITW RBRCEFDVTNY) DeERSe) AVF NI, MOIZTe).
233,00N3N3 I NI, ESRIATMN TOO3IREFCBO3RODN =.,000FD 30N
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DYTOLRDTITI).

5. DOFCA* AR, 3033, 2.0 BTRE)., JF0DTY, SVIT,DRIZ3.

6. 2,0T¢ BVOITW V58 ™, N BRCDAITT :DRTY BOITW 335233,0300 B, IO,
OIADINENCIAS

7. DRT) BOITW WoD3 AFINE) anI), NVIVTTLNY TFTI30 A0NEF FA® o3
ONOIZNPN0O3 BT, NI T.

8. 2DRTI BOITI ODOIJNP) TLED W, CNT NI, B, BWOTVNTO.

9. 2PPTI BOITW 235e3A,00) DTOIZT TFON, WHBNAIZ T STWT T BOITI 3523 A 0300
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2.2.3 Star and Delta connection

R A star connection is a common electrical
configuration in three-phase AC circuits,
involving four conducting wires. Three of these
wires carry the three-phase currents, while the
fourth one is the neutral wire. The three-phase
wires carry line currents with a phase difference

N of 120 degrees between each. Star connections
are a preferred choice for long-distance power
transmission due to the presence of the neutral

wire.
The neutral wire serves a crucial role in
B Y safeguarding electrical equipment, such as

transformers, by preventing over-current and

over-voltage conditions.
Figure 2.20 Star connected system

It plays a pivotal role in converting unbalanced current flow within the three-phase system into a
balanced current flow, which is essential for the protection of connected electrical and electronic
equipment. Figure 2.20 illustrates a star-connected circuit. The relationships between three-phase line
voltage and phase voltage, as well as line current and phase current, are as follows:

Vline = ﬁvphase (1)
Ifine = irp."r,a,';.e' (2)

ST ROBJTEo) DRT-BOIW  AC  AITR;FEFNYS).  AOROT;  )TWI53°
ROTWBICONG),, DO, WOHBT I0INFT), WFRRORTVIT. YINF). DRI
303NY) TNPRTI-BVOITW  TRODNTI), O3S, SWT JO,I0NTY 38X,
3030300NE. TNRTV-BOIT 308N Ty3ABROWT SIWIes 120 BNNY O3
WsTsATLRODN S40° FWeBNFI, ANAIS. 3&3A, 030D VTR, B3AOTIN
BRTE W3 BRTET, A,0° RORVTENP) 353,303 e303),0300NE3.
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Vlfn.e = \ﬁvphase (]-J
!h’ne = llrm‘u:tse (2)

M-l Tt FfheqHed TR HRM § Th HH Jaaehd BIhIRIA 318, S IR
ol IR UABHS 120 RTAT Tol BRBRIE XN UdTg T8 AdTd. Te® R SuiRdiges
AT - SR UiaR SR TR SR W= faa S
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SUGBRUT AREJUTRATST AL 3118, 3MFall 2.20 dRI-HaGe haral Gihe graad. H-Te g
glecd 0T B Sglecs, AT ATe e 101 ol hRc ATl Hae JIATTHI0 Ted:

Vline = V{ivphase (1]

Ifine = Ip.l'mse (2)

A delta connection, also known as a mesh connection, is a
type of three-phase circuit configuration consisting of only
three conducting wires that carry three-phase currents without
the presence of a neutral wire. These three-phase wires are
interconnected to form a delta shape. Figure 2.21 provides a
visual representation of a three-phase delta circuit connection. Y
In a delta circuit connection:

°R

°B
Figure 2.21 Delta connected system

1. The line current of each phase, represented by equation 3, is equal to \3 times the phase current.
2. The line voltage and phase voltage have the same magnitude, as indicated by equation 4.

‘rline = vgfpha.se (3)
Vi.fﬂe = Vphase (4}
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‘riine = \E‘{p}mse (3)
V.‘.Ene = Vphase (4)
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Module-3
3.1 DC Generator: Principle of operation, constructional details, induced emf
expression, Relation between induced emf and terminal voltage. Simple numerical.
3.2 DC Motor: Principle of operation, back emf and its significance. Torque equation.

3.1 D C Generator
3.1.1 Principle of operation
A DC generator is an electromechanical device designed to convert mechanical power into DC electrical
power through the process of electromagnetic induction.
Its operation is based on the principle of electromagnetic induction, where changes in magnetic flux
linked with a conductor result in the induction of an electromotive force (EMF) in the conductor. A DC
generator typically consists of two primary components: a field winding and an armature winding.
In a DC generator, the EMF induced in the armature winding is initially in an alternating form, but it's
subsequently converted into direct voltage through the use of a commutator mounted on the generator's
shaft. Notably, the armature winding is positioned on the rotor, while the field winding is located on the
stator.
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3.1.2 Construction of a DC Generator
Figure 3.1 shows the schematic of DC generator

Field
Winding

Armature
Arnature Winding

Core

Pole

L e Commutator

Figure 3.1 DC Generator schematic

A DC generator consists of six main parts, which are as follows

Yoke: The yoke in a DC generator is an outer frame typically made of materials like cast steel or
rolled steel. It serves two key purposes:

Providing structural support and protective covering for the generator, including the field pole core.
Creating a pathway for the magnetic flux generated by the field winding to flow within the generator.
Magnetic Field System: The magnetic field system in a DC generator is the stationary part responsible
for creating the primary magnetic flux. It consists of an even number of pole cores securely fastened to
the yoke, and field windings are wound around these pole cores.

This field system features salient poles, where the pole cores project inward, and each pole core
incorporates a curved pole shoe. The pole shoe serves a dual function:

1. Providing support for the field coils.

2. Enhancing the magnetic circuit's performance by increasing its cross-sectional area, which reduces
reluctance.

In essence, the magnetic field system is vital for generating magnetic flux, and the pole shoes play a role
in supporting field coils and optimizing the magnetic circuit.

The pole cores are constructed from thin laminated sheets of steel, with insulation between the sheets to
minimize eddy current losses. The field coils are interconnected in a series arrangement. When current
passes through these coils, it results in the creation of alternating north and south poles in the direction
of rotation.
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Armature Core :- The armature core in a DC generator is positioned on the shaft and rotates between
the field poles. It features slots on its outer surface, where the armature conductors are placed. This core
consists of soft iron laminations, which are insulated from one another and firmly held together.

In smaller machines, these laminations are directly attached to the shaft using key connections.
However, in larger machines, they are typically mounted on a central structure known as a spider. The
use of laminated armature cores is aimed at reducing eddy current losses.

Armature Winding :- Insulated conductors are inserted into the slots of the armature core and are
connected in a specific arrangement known as armature winding. There are two primary types of
armature windings employed: wave winding and lap winding.

Commutator:- A commutator serves as a mechanical rectifier, transforming the alternating
electromotive force (emf) generated within the armature winding into direct voltage across the load
terminals. It consists of wedge-shaped copper segments that are insulated both from each other and from
the shaft by mica sheets. Each segment of the commutator is linked to the ends of the armature coils.
Brushes:- The brushes are affixed to the commutator and play a pivotal role in collecting current from
the armature winding. These brushes are typically crafted from carbon and are housed within a metal
container known as a brush holder. To ensure consistent and controlled contact, springs are employed
to maintain a steady pressure exerted by the brushes on the commutator. Current flows from the armature
winding to the external circuit through this connection between the commutator and the carbon brushes.
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3.1.3 Induced emf expression

If the magnetic flux through a coil is changed, a voltage will be produced. This voltage is known as
the induced emf.

change in flux
emf = number of turns x ———
change in time

do
e=—N—
dt

R)D3 AT RF® 9B,
ABPLOD TDROT 2330571,83T° 33 T% €930, TN ATT, 3323 en3,8.0350mM 3 33.
B8 5300e3,£2% 930, BDI BREF* R 0T TTONRIMI .

change in flux
emf = number of turns x ——
change in time

do
e=—-N—
dt

T emf Sif¥roaerit
HIZAGR GaD T TATE TN, Fleel IR Bladl. § @Iecs URd SUHIH U 3@ S

change in flux
emf = number of turns x —
change in time

de
e=-—-N—
dt

3.1.4 Types of generators, Relation between induced emf and terminal voltage

DC
generators
|
Y v
Self-excited Scpuljulcl_\-
excited
Y - —
Series Shunt Compound
- .

shunt shunt

Long | Short

Figure 3.2: Classification od DC Generators
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Separately Excited DC Generators
In this system, an external DC source, such as a battery, is employed to power the field magnets. As
the rotational speed increases, it can generate a

. . . Ir
higher electromotive force (EMF) and voltage IV —

in the output. Figure 3.3 presents the circuit I | l = Field
diagram for separately excited DC generators, L - Separate .
with the following symbols used: v |9 E, (W) (= source of —
_ A < ‘ = excitation
I. = Load current D - -
la = Armature current T
Eq = Generated EMF (Electromagnetic M
Force)
V = Terminal voltage Figure 3.3: Separately excited DC Generator

The generated power and the delivered power to the external force can be calculated as:

IL=05=1
L=0h=1 V = IR,
V = IR, P,=E, x1I
P=VI
P,=E, xI
P=VI
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B3 33 Fy3LTooN TetD3 DC HICCLTNEMON AT EF B0 3330,
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IL = Load current

la = Armature current

Eq = Generated EMF (Electromagnetic Force)
V = Terminal voltage

3,303 3B, eI, 2305 WOT, )IDAIT T0D, GofN 3T, BT WIBIT:




123

P,=E, %I

P=VI
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I. = Load current

la = Armature current

Eg = Generated EMF (Electromagnetic Force)

V = Terminal voltage

UH chaiai! RIdkd! TIOT ST Aeial feial! ek 3= TUMT doet Sl eha:

IL=I=1I
V = IR,
Py=E,x1I
P=VI

Self-Excited DC Generators

Self-excited DC generators are equipped with field magnets that receive their excitation from the
generated current within the generator itself, with the field coils connected internally to the armature.
Initially, there is some residual magnetism in the poles. As the armature rotates, a small current is
produced, and this current flows through the field coils along with the load, thereby reinforcing the pole
flux. This increase in pole flux leads to higher electromotive force (EMF) and current output, and this
cumulative process continues until the desired excitation level is achieved. Self-excited DC generators
are categorized based on their field coils and their positioning into the following types:

1. Shunt Wound Generators
2. Compound Wound Generators
3. Series Wound Generators
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Shunt Wound DC Generators

The field windings are connected in parallel with the armature conductors to provide excitation to the
generator. These field windings consist of insulated coils that carry current and generate the necessary
magnetic field for the generator's excitation.

In a shunt generator, the excitation initially relies on the residual magnetism present in the poles. The
field windings in a shunt-wound generator have the same voltage as the terminals; however, the actual
voltage value depends on the load and the generator's speed.

The circuit diagram for this type of generator is depicted in Figure 3.4.

['.\-\\‘-l\-i*- re)  Shunt Field y

Eh

Figure 3.4: Shunt Wound Generator
where:
V = Terminal voltage
Eq = Generated EMF
Ish = Current flowing through the shunt field
la = Armature current
IL = Load current
Rsh = Shunt winding resistance
Ra = Armature resistance

Armature current I, consists of two parts of shunt field current Ish and load current I..

ICE = Ish + Iﬁ'
When the I is the maximum, the effective power for the load would be the maximum. As a result,
it is better to keep the shunt current as low as possible. So it is reasonable to keep the resistance of

the shunt high.

v
Ish — T..

V =E,— IR,




125

3,,000-0039,BT DC 2333 T N
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323, 3TN, e300E355° FRCAE (EMF) 03D, )R8 SVT0, TSN ToTEaa30TIIT, 303,
ORCZ3  TRABIOD DDEEST, APAT[IN S AOWIS Fygohodw
0TNVOONIT. B O0N0-0T9,BE DC BITEIT NP, INE TLY RITIPNRD
NI, INY AT SHOCE 0SS &8 TPNS &T)ToONPN S3NCETORING:

1. ROEF® MOONTI ITCEINE LD

2. FOONT. MPONT BITEEINES)

3. RT3 MOORNT HITCEINESD

ROE3 FROoTw* B wIBCAT NP
2BCEIT N BIIAIOINAINIOWINY WBNAO) €330 2FO° TOBT,ONEPONN
ReDOV030VN FLIF) JOFNPI, AROJIEARNG. &8 FLY JOFNRY I3
W)eo 033, ARNAIES aNIY, BITCET’S TR AEIN e9INS5e0008 ToOIOD T I3,
VT, DRI A,3CE3TE RITIPNRT ), WwFNRPROTTISES.
RO BITEET )., TWeRRCTBIO 3T03WE). FYSWNFE). VP RTI Fo03LODIOD
3 9300DZNT. RBOEF-NODNT  wITEEIEAS  FLF OB
E3eNEID,F0303E 9T L3 L2 9T, BRODTIZEI; STINR;, NIV a3, L2
FPD5e3) ST DI, BITLEIIE NS, €930V ATIZEH.
3 D3O BITCEIE ATR6¢3* B0 38y, 233) 3.4 T, 23 AN,
)

V = Terminal voltage

Ey = Generated EMF

Ish = Current flowing through the shunt field

la = Armature current

I. = Load current

Rsh = Shunt winding resistance

Ra = Armature resistance

e3aCETT® FTOE la WVOEF ey TB0EF Ish 203D, ST TCOES IL &S T
INNF I, WwPNPROBT.

Ia = I._ch + IE

IL. DR 20NN, SCE BDeNTD JFON) NOR NI, WOTeNN,
RVOEF® TCOEF ), AOT500TWR), TR [YOAIRYEY 3. ST O0TW WOE,
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v
Ish — T..

V =E,— IR,

ad-I eI St S ReR

W-3aford SR SReR Wite HACHE IS 3HTed of ST dd dbaiedl [dggd WaTgldA
3. 3R fhRd SRIdMT, Ueh A8 YdTe daR 8id! 31101 81 WAl HRINE Wics dhisaHed drgd!,
ST UTd TReferidll Aorgc fHesd. Uit Gaaid el g1 dle 3o Saac Hifca Bk (EMF) 30T addH
3TICYCHS -id 31T ST B T Hd UfehaT 3fsd SaoHR! Urded! U glsudid dTe Aed. Jeth-
EIGE

1. T A% 8 TR

2. HUNSHS SRIY T-RER

3. HIfelhT SGH S-ReX

e ards SRt o vex

SRERA IAoH SIS Wits fifd™ SR Fredeyg iR Shedd oied. a1 B
fdf$ el SYaice Disd S ard of faggd Udrg arg- Adid 31 TReT IS A=
da@ 1 &= Ao Hrar.

IC SFRCAL, Jol Il Yaiaed il dRIY dadhaidr dagd 34d. Ye-drdhe
SReAT Bics fAfEmed e caRed @lees SRId; dUTY, aRAId® Giecsl Jed dre 31T
SAREAN TR 3facig 3.

T YR SRCIo! Tfdhe Ml Mgl 3.4 Ted TRifaa TR,

$O:
V = Terminal voltage
Ey = Generated EMF
Ish = Current flowing through the shunt field
la = Armature current
IL = Load current
Rsh = Shunt winding resistance
Ra = Armature resistance

ITHER HC la A YT Hicg HIe I AT ANS BYC IL T G HRT 3GdId.

Iﬂ - Ish + If
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SIGT I, BT 3, dgT AredTa! YHTdT Jakdt SiTd SR S, GRUMH, ]ic Uarg e
fadera HH 3901 T 3HTe. TS Ried UfdeR 3= 39Ul dreTal 31T,

v
I-S'h - RI

V =E, — IR,

Series wound generators

In series-wound generators, the field winding is connected

A N I E in series with the armature conductors. This type of
Iy = Series generator is represented by the circuit diagram shown in

= Field . . .
L Ia A Figure 3.5. In series-wound generators, the current flowing

[ through the field coil is identical to the load current, and it

uTun) flows through both the field winding and the load. Field

windings in series-wound generators are designed with a

—‘7 ' relatively small number of turns and employ thick wires to

M achieve low electrical resistance. This configuration allows
for effective operation in series Figure 3.5 Series wound

generators with the load.

V=E,—I” xR,

X083 wound 2I33e&RESD

RTB-MONT BRITEELNEFE) , T I DOROTT e35CE2FT* FOBTLNE LRODT ATEIONE).
ROBTE BLRONT. &3 DD wITCEIT® 93, 33 3.5 3. 3REDATIT ATR5EEF
323023 ZDOTW FBIDRCIOMIE. ATEI-MOONT BITCETNRTS), HCeF Foe>*
ENROT BOONIE 53)59030ey) SRLTE TjeodBT, BRLENI TS, aNI), YT TLI) JOLOMT
2N, BUEE* NTBT BDROT IR BOOINIR.

ROB-MONT BITELT TFAS N DONFT, IIOT03, TN T AOB50N
3BRIYNERORN LIVIANPPAOING 2N, TLRD ITs3® &) 3TRCEEE), AL
TR, I0INTT), WFITRFL,OMIE. S8 IOTBION SeEBR,007 BTN,
BTN TOD FOOVE LW TTBON), LIVNIAIZT.

Ia:IE:Isc:I

V=E,-I’* xR,
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HIFADT ATdS SHvex

T ohT-SIaHa] S-ReAd, Hice i sifeR dHedexyg Hifddbd sedd 3d. a1 UHRd
SFRER 3Tt 3.5 T8 GRIfAAedT Aldhe HPHagR GRifde S, Hfeie]-SRau=l S-kexds, Bies
Pl AIEUIRT faggd UaTE e Hic IR 3l 30 ol Wics fdfST sfor die a1 aetaed
aredl.

qifrepT-SRat=AT SHveddld Wice fdfew qama st T dauivg fegis dad sfied 3ol
ot fadggd UfdPHR UId HRUGNTET 1€ dRT dIoRdld. § PI-h R dledg Hifeidbd WHTd
SHTRRFYTST TRAT .

LI:IJ':ISCZI

V=E,—I*xR,

Compound Wound DC Generators

The output voltage and electromotive force (EMF) in series-wound generators are contingent on the
load current. In contrast, in shunt-wound generators, the output is inversely proportional to the load
current.

To address the limitations of both types, compound wound generators have been developed,
incorporating elements from both series and shunt configurations. The circuit of compound wound
generators comprises both series and shunt field windings. These generators can be further
categorized into two types: short shunt compound wound generators and long shunt compound
wound generators.

FoodhF wound DC 2R33BCE3T R

ROB-MONT HIBCETNTAST BEFR)EF @3 LF a0, D3TR, La3/0¢E3e0
RPCAE (EMF) S3/0fT° 53200300 a0fe3 €9:09),300NT3T. ATWT, ITIT 00N, RWOES-
MONT BITCLT NV, REFR)EF 3L a0 ®T, SR L9NTOITA. NI .
NVBR  APNY  LINFI), BOBORC), RONT, NMOADT  HBITCEIT NP,
923D BRARNGT, ROB DI, RWOEF® T, NS NLOET  90INF,,
ROO3EERACIING. ROCNT. MPCNT BRTEELT Y RBREEF RTES 2303), RWOES® e
QOB NFI, WwPRROBT. &8 BITCET NP, TR LITPNPIN JONERWTITI:
DE3E ROEF* FOONT, NPONT BITCEIT NS 2DI), DCRE WOES* FOONT, MOONTI
3BT NS,

AT ohT-SIGHa SFREXHALT SHT3CYE Flees TN SadeHIcE BiE (EMF) A6 dica’
A SR, JIIC, RIT-dT S SIFRCRA, JHT3TYC TS e IR THTUNT 3.

GG UHRAT FUiGd FRIARU HRUARITST, HUNSS °1d SFReR [adbid & 7id 3HTed, SaHe
GG AT ST R HIFpTRIFH Uedh JHIAY 3TRd. HUNSS 91d SHex el diedd
AT IO e Wice fAfET Trg! ST, 1 SFexd YaId G UHRIAE Gl bl oy
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Long Shunt Compound DC Generators
In long shunt compound DC generators, the shunt windings are parallel with both series field and
armature. The circuit diagram for this type is as in figure 3.6

i z I

TSN S L Isc Ish The currents in the circuit are:
_IL §§ Series Field

| |L Ta f. Vv

v |0 - In = 7,

LA /7 Shunt Field =/

B E, [*RMATURE)

= e\ ) =) I..=1I; + Ish

A

I-:‘s == Ia

Figure 3.6 Long Shunt Compound DC Generators

The load voltage is equal to

V =E, — I,(R, — Rsc)

2IOOTT ROE3* FOOTPOTE BA 3BT N

DCRE RBOEF IOANT DC HITCETNFS) , RWOEF® JOWNS VB FLIF) 03I,
e3aCEWT® DTWT, o003 NTBIS 3. B8 &)TOTE AT €3 Ba0d 3 233 3.6
3033

e
Is'h - .

ATR;E,D S WjeooB/RSY:
I..=1I; + Ish

I-:‘s = da

SVON AN DN SHAININNOINIADIAONC TN

V =E, — I,(R. — Rsc)
AN T HUTSHS ST SRexAed, Tie 3™ mifere wics 3nfor SR giel THiaR 3dTd. a1
UhRAT Hidhe SIAUMH gl 3.6 THTUN 3]
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gfhendid varg simed:

Ish - or

I.s = I; + Ish

IS Elees UM 31T

V = E, — I,(R, — Rsc)

Short Shunt-Wound DC Generator
In short type, an armature is parallel with the shunt field windings, as shown in the figure 3.7

N I Al The currents in this system are:
{ ' .

= Series Field

IJ. Iah 7 L =i
E |
-

Shunt Field : )
= V+I,.R.,
Ly =

Figure 3.7 Short Shunt Compound DC Generators

The load voltage, load power, and generated power are:
V=FE,-I,R, — I..Rsc)

P{ — I(_: xV

P, =1y x E,

&3 W0 é3%-wound DC 233CE30°
BT, TTORD), dNo* 3.7 T, I3REDARNEOZ SNCEWT®  BOET N

)OBOTTPLRONN R0 03TN3I 3.
B 5878, S 3T)e00B/ND:
I.=1

ICE = Isc T Iﬁ'
S3R0TE a3PLS,L2F, SRLTE Ba30® 53, BV3,,3,03007es 38
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V=E,—-I,R, — I..Rsc)
P{ — IG xV

P, =1y x E,

T UPHRI, 3Tl 3.1 Ted TRIAITIHTIO 3THR e hics fafe e THidR S,
T YuMTeliciil UaTg 3HTed:

Isc = IF
1 =
Ia - ISC‘ T IE

IS glecsl, de UiaR TIOT U ek SMTed:
V = B, — IR, — I..Rsc)
P=1IcxV

P,=1I¢ % E,
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3.2 DC Motor

3.2.1 Principle of operation

A DC motor is an electromechanical energy conversion device, which converts electrical energy input
into the mechanical energy output.

The operation of the DC motor is based on the principle that when a current carrying conductor is placed
in a magnetic field, a mechanical force acts on the conductor. The magnitude of the force is given by,

F=BII Newtons

The direction of this is given by the Fleming’s left hand rule.
Where

F=Force experienced by the conductor

B=Magnetic Flux Density

I=Current in the conductor

L= Length of the conductor

FTOORFWIBOD 33,
DC R1€E300° 2,003 RSTR, LeNTONT JF, BORIES RPN, BT IT53°
FBOD YI*R)EF® €93, 000 T T, GV T, LBION WORBIE RIS .
DC ReE[E T FTHBOIN Ty@I,3 AONAI 0BT, TO0IEOD T LI3TE).
JDATON, OO T WD) WoBTE a3 ToONE NSE0AIZLT 0W I3 3330,
STEOAR. WOT Fjadiocaeldd, QSO0 BN,
F=BIL Newtons
BT AT TTRBD), &.eNOTTS AW DODENDOT BN,
IR
F = TOBT,0° 90T IAT 20
B=230057,33° .75 A0S
I=50RTO°SS), TyA.3
L= TOBT,0°S VT3,

ST a<d
ST AR § SAaeAd e d SHoll T Uil SUBRU T8, Sf faggd SHell 31qcd dided SHoll

N

SATGATd ™UTdNd .
ST Al STIRTE 7 dwdlaR YR 3118 B Sicg] faggd UaTg dig AuIRT heder dabi
&FTd ST 9Tl dog Ueh i el heacar BId Hd. ST URHATI gR fad Sird,

F=BIL Newtons
i e waiftirea sTean grarn Fomm foch eg.

3
F=drgdex FHdall ekl
B=dq g UdTg gl
HSFIAY |=hC
L= heded! did]
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3.2.2 Back EMF in DC Motor
In a DC motor, as the armature rotates due to the driving torque, the armature conductors move
through the magnetic field, resulting in the generation of an electromotive force (EMF) through a
generator action. This induced EMF within the armature conductors opposes the applied voltage (Vs)
and is commonly referred to as the back EMF or counter EMF.
The magnitude of the back EMF can be expressed as follows:

NPsZ

B, — ... (1
b= oA (1)

DC RBRLPT S, TjgedOMT  E30T°E V0T €3a0CeF0°  3TINWIN,  e3a0CEFT®
BOBB,O NS TDOILOD FEFTE sNROT ORI, YW TOFOeNN STCEIT
BODOD NRDOT RBTR,,Le30¢E355° FRCA*E (EMF) 030, B330350m3E3. e3a308e e 0®
FOBBONYE) &8 FO3 EMF e93,000F a3@0e3,£2%° (VS) €930, dBRRRIZTS a3,
YT, A0S 5z00N 23955° EMF €953800 FP0E30° EMF 00530 F3CNNMIS .

2002IINTI QeI Jed0ERe3n3), &8 TPNST03 2353, CALIIT):

 NP$Z

DC HIeHe, ST clhHed 3MHTR fUhd SdMI, TR Hhedex gad i &g thRdrd,
aRum SReR higR sdaemiice B (EMF) TOR Bld. 3R deaesadia g IRd EMF
AN @leed (Vs) dT foR1Y S ST HHId: dob EMF fdhdl H1dex EMF RUH fiaad ST,

S STHATHD URATI TeAUHI0 dd B SIS, b

NP$Z
b~ 604 (1)

Significance of Back EMF in DC Motor
The existence of back EMF imparts a self-regulating characteristic to the DC motor. In other words,
it causes the motor to draw only the amount of armature current necessary to generate the torque
demanded by the load.
Armature current (la),

VB

I, = R

When a DC motor operates with no load, it encounters minimal resistance, requiring only a small
amount of torque to overcome friction and windage losses. Consequently, the armature current (la)
remains low, and the back EMF (Eb) is nearly equal to the applied voltage.

However, if the motor is abruptly subjected to a load, the initial impact is a slowdown of the




134

armature's rotational speed. This reduction in speed diminishes the rate at which the armature
conductors move through the magnetic field, causing the back EMF (Eb) to decrease.

The diminished back EMF permits a higher current to flow through the armature, resulting in an
increased driving torque. As a result, the motor's torque increases as it slows down. The motor ceases
to decelerate when the armature current reaches a point just sufficient to produce the additional torque
needed to match the load requirements.

Conversely, if the load on the motor is lightened, the driving torque momentarily exceeds the demand,
causing the armature to accelerate. As the armature speed rises, the back EMF (Eb) also increases,
leading to a reduction in armature current (la). The motor stops accelerating when the armature
current reaches a level just sufficient to produce the reduced torque required by the load.

In essence, the back EMF in a DC motor acts as a regulator for the flow of armature current. It
automatically adjusts the armature current to meet the specific requirements of the load.

R DRCEPRT T, 2T YARF TS e DB,
2395T° EMF €933, 23) DC &30Cé300°R & ,0N0-0D0IT MIEITEIEI),, LTI,
233 DL30NE), VLYY WOTT, BRETEFEIOT LCRTONITIE E30T*E €93), VIR
N Z5e0T €3e3CELWT T 3300 TLI 3300933y 23003) 23/CE3008) AP ONIE03
BIZI.
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V- E,
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WBRTONR), B3, BT e30CEWO* e93), BNRPPRL) ToTEMI .
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L=

3.2.3 Torque equation
When a DC machine is either operating as a motor or a generator under load, the rotor conductors
carry current and are positioned within the magnetic field of the air gap. Consequently, each
conductor experiences a force generated by this magnetic field. These conductors are located near
the rotor's surface and share a common radius from its center. As a result, a torque is generated around
the rotor's circumference, initiating its rotation.
In the case of the machine operating as a generator at a constant speed, this torque is equal and
opposite to the torque provided by the prime mover, ensuring a balance.
When the machine functions as a motor, this torque is transferred to the rotor's shaft and drives the
mechanical load. The expression for this torque remains the same whether the machine is operating
as a generator or a motor.
This torque, which arises from the interaction between the current-carrying conductors and the
magnetic field, is known as electromagnetic torque. However, not all of this torque is utilized at the
shaft to perform useful work. Some of it is lost due to mechanical losses. The portion of torque used
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to perform useful work is referred to as shaft torque.
Since,

¥ e Bp® LB conaulfl)
Multiplying the equation (1) by la we get
V= B Ry cevnastE)

Where,

V. is the electrical power input to the armature.
I%:Ra is the copper loss in the armature.

We know that,

Total electrical power supplied to the armature = Mechanical power developed by the armature +
losses due to armature resistance

Now, the mechanical power developed by the armature is P,
Pn = Fpla et (3)

Also, the mechanical power that rotates the armature can be given regarding torque T and speed n.

P, = T =2nnT ......(4)
Where n is in revolution per seconds (rps) and T is in Newton-Meter.
Hence,
2ZunT = Eyl, or
Eb]a
~ 2mn
But,
@ZNP
b7 60A

Where N is the speed in revolution per minute (rpm) and

Where n is the speed in (rps).
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Therefore,

_ @ZnP
Ey, = A
o @ZP
So, the torque equation is given as: L=e— Iy
2mA
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4.1 Transformers

The power that is generated at the power stations need to be transported to the electrical gridsand
from there to our homes. This process needs to be done so that there is minimal loss of energy and
also the process is as cheap as possible. For that purpose, transformers are used.
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At the power generation centers the transformers used are type of step up, which increases the
voltage and the transformers that are used near our homes are step down which decreases the
voltage and as such the electricity is transported from generation centers to our home
efficiently and the model is viable and economic.
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4.1.2 Principle of operation of transformer

The core principle governing the operation of a transformer is mutual induction, which is based on
Faraday's Law of Electromagnetic Induction. Here's an explanation of how a transformer functions:
A transformer consists of a laminated silicon steel core around which two separate windings are
wound. In the diagram provided, the primary winding is the one connected to the AC power supply,
while the secondary winding is linked to the load. It's important to note that only alternating current
(AC) can be used in transformers because mutual induction between the two windings relies on the
presence of an alternating flux. Figure 4.1 shows basic construction of transformer.

Primary
Coil

Secondary
Coil

Figure 4.1 Transformer

The transformer primary winding produces an alternating flux, known as the mutual flux, when an
alternating voltage is applied, in accordance with the mutual inductance principle.

According to Faraday’s rule of electromagnetic induction, this alternating flux links the transformer
primary and secondary windings magnetically and generates EMFs E1 in the primary winding and
E2 in the secondary winding. The EMF (E1) is referred to as the primary EMF, while the EMF (E2)
is the secondary EMF.

dD,
E, = —N
1 1 dt
and
do,,
E,=—
2 2 dt
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4.1.2 Types and construction of single-phase transformers
Parts of a Single-phase Transformer
Figure 4.2 shows the major parts of a single-phase transformer

Laminated core

Secondary
¢ winding

. [
Primary d

winding 2

Figure 4.2 Major Parts of A Single-Phase Transformer

1. Core

The core plays a crucial role in the transformer's operation. It not only supports the windings but also

offers a low-reluctance pathway for the magnetic flux to flow. The winding is carefully wound around

the core, as illustrated in the image. To minimize losses within the transformer, the core is typically

constructed from laminated soft iron. The composition of the core is determined by various factors,

including the operating voltage, current, and power. It's worth noting that the core's diameter is

directly linked to copper losses and inversely related to iron losses.

2. Windings

The windings consist of a network of copper wires wound around the transformer core. Copper is

chosen for its specific properties:

e High Conductivity: Copper's excellent conductivity reduces energy losses within the transformer
because higher conductivity means lower resistance to current flow.

e High Ductility: Copper's high ductility allows it to be easily shaped into very thin wires, making
it suitable for transformer windings.

There are two main types of windings:

- Primary Winding: This set of winding turns is where the supply current is introduced into the

transformer.

- Secondary Winding: This set of winding turns is where the output is extracted.

To prevent electrical contact between the primary and secondary windings, insulation coating

materials are applied to insulate them from each other.

3. Insulation Materials

Insulation is a critical component in transformers, serving to isolate the windings from each other

and prevent short circuits while allowing for mutual induction. The choice of insulation materials

plays a significant role in the transformer's durability and stability.

The following materials are commonly used as insulation mediums in transformers:

1. Insulating Oil: This special oil is used to insulate and cool the transformer's core and windings.
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2. Insulating Tape: Special tapes with insulating properties are employed to secure and insulate
various components.

3. Insulating Paper: Thin insulating paper is often used as a barrier between winding layers to prevent
electrical contact.

4. Wood-Based Laminations: In some transformers, laminated wood is utilized as an insulating
material to separate windings and provide structural support.

These insulation materials are crucial for ensuring the safe and efficient operation of transformers.
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Types of single-phase transformer & construction

Core-Type Transformer Construction

Yok ar In the core-type construction of a transformer, the
o teowe—--— | Winding - magnetic circuit is composed of two vertical legs,

' often referred to as limbs, and two horizontal

sections known as yokes. To minimize the impact

of leakage flux, half of each winding is situated on

each limb, as depicted in the figure 4.3.

The low-voltage winding is positioned adjacent to

the core, with the high-voltage

Flux Path |

HV
Winding

Figure 4.3: Core Type Transformer construction

winding placed over the low-voltage winding. This arrangement helps reduce insulation
requirements. Consequently, the two windings are configured as concentric coils, often referred to as
cylindrical windings.
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Shell-Type Transformer Construction

Flux Path .
In the shell-type construction of a

-« > transformer, the magnetic circuit
\ comprises three limbs. Both the

P

LV Winding

primary and secondary windings are
situated on the central limb, while the
two outer limbs complete the low-
reluctance flux path. Each winding is
subdivided into sections, specifically
the low-voltage (LV) section and the
high-voltage (HV) section, which are
alternately stacked on top of each
other like a sandwich, as shown in the
figure 4.4.
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Figure 4.4: Shell Type Transformer construction

Consequently, such windings are commonly referred to as sandwich windings or disc windings.
Shell-type transformers are designed with this construction method.
The core of the shell type transformer is made up either U-T shape or E-1 shape
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4.1.4 EMF equation

In a transformer, an alternating current source is connected to the primary winding. This primary
current generates an alternating magnetic field within the transformer's core. This changing
magnetic field is linked to the secondary winding, and through the principle of mutual induction,
it induces an electromotive force (EMF) in the secondary winding. The magnitude of this induced
EMF can be calculated using the transformer's EMF equation.
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Let, i
N1 = Number of turns in primary winding 1
N2 = Number of turns in secondary ™ f--- /

1=

winding
®m = Maximum flux in the core (in Wb) —r = - =
e _/

f = frequency of the AC supply (in Hz)

As, shown in the fig., the flux rises sinusoidally to its maximum value ®m from 0. It reaches to the
maximum value in one quarter of the cycle i.e in T/4 sec (where, T is time period of the sin wave of
the supply = 1/f).

Therefore,

average rate of change of flux = ®m /(T/4) = ®m/(1/41)

Therefore,
average rate of change of flux =4f @, ....... (Whb/s).

Now,
Induced emf per turn = rate of change of flux per turn

Therefore, average emf per turn = 4f Oy .......... (Volts).

Now, we know, Form factor = RMS value / average value

Therefore, RMS value of emf per turn = Form factor * average emf per turn.
As, the flux @ varies sinusoidally, form factor of a sine wave is 1.11
Therefore, RMS value of emf per turn = 1.11 x 4f ®m = 4.44f Oy

RMS value of induced emf in whole primary winding (E1) = RMS value of emf per turn * Number
of turns in primary winding

E1 = 4.44f N1 ®ny (1)
Similarly, RMS induced emf in secondary winding (E2) can be given as

E2 = 4.44f Np Oy @)
from the above equations 1 and 2

2

| E
—=—— =444f Om
N

1 a2
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This is called the emf equation of transformer, which shows, emf / number of turns is same for both
primary and secondary winding.

For an ideal transformer on no load, E; = Vi and E2= V>
where, V1 = supply voltage of primary winding
V> = terminal voltage of secondary winding

Voltage Transformation Ratio (K)

As derived above,

voltage transformation ratio

Where, K = constant

This constant K is known as voltage transformation ratio.

If N2 > Ny, i.e. K> 1, then the transformer is called step-up transformer.

If N2 < Ny, i.e. K <1, then the transformer is called step-down transformer.

4.1.5 Types of Losses in a Transformer

Various types of losses occur in transformers, including iron, copper, hysteresis, eddy current, stray,
and dielectric losses. Copper losses primarily stem from the electrical resistance within the
transformer windings, while hysteresis losses result from the changes in magnetization within the
transformer core.

83909, DFFAN SR NAY dFRYD

T, Toay, ORLCARE, DB, TFTOEF, Ryl NI, ByB3,T ISRLNS ACDTOIZ
E3)NEPONETNFS). dedPE DA ISRBNYY RO0PIAIT . I0NYT  SRWLNYD
DYFPeNTIN  EIYEHPODEDT®  JOTFNERFNS AW3T I 3BeEDOT
O3S, W3 RJBIR SRND) 3905000 0° FRCT RPN
20957183, MBI S WTERWBNRYOT SVOEFINIZEI.

SRTBTHA ST FHIH YR

SFIBIERAS dIg, did, Rk, TSI die, I U SHdided JHhUH aNg [afay UdHRa
IHIHE Bd. A JHIH g iR [dfémmdia fogga ufder™s gid,
YR TH UM bR HRAUTT B HRUNT dGages Bid.

i) Iron Losses in a Transformer
Iron losses in a transformer primarily arise due to the alternating magnetic flux within the
transformer's core, resulting in what is known as core loss. These losses are heavily influenced by the
magnetic properties of the core material, which is typically made of iron. Iron losses can be further
categorized into two types: hysteresis and eddy current losses.

3909, gD FFe),. FW, 008 ISR, APH
€3S POTNET VAT TRLOB SRNYD  D9TedToN E35P0e0E O
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i) Hysteresis Loss
Hysteresis loss in a transformer occurs when the alternating current is applied to the core, causing the
magnetic field to reverse. The extent of this loss is primarily determined by the core material used in
the transformer. To mitigate hysteresis loss, high-quality core materials such as CRGO (Cold Rolled
Grain Oriented Silicon Steel) are commonly employed in transformer cores. This type of loss can be
quantified using the following equation.

Ph = kthBm

where

‘kn’ 1s the constant that depends on the quality & volume of the core material in the transformer
‘Bm’ is the highest flux density within the core

‘f> is the alternating flux frequency otherwise supply

‘x’ 1s the constant of the Steinmetz and the value of this constant mainly changes from 1.5 to 2.5.
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i) Copper Loss
Copper losses in a transformer arise due to the Ohmic resistance present in the windings. If the current
flowing through the primary and secondary windings is denoted as I1 and 12, and the respective
winding resistances are R1 and R2, then the copper losses occurring in these windings can be
expressed as 112 * R1 and 122 * R2, respectively. Therefore, the total copper loss is given by the sum
of these losses.

P. = I?R, + I?R,

These losses also called variable or ohmic losses because these losses will change based on the
load.

FRNT SR,

OB P YT 20T TSTRCFROTON 30, tNETER). Jo)TB  SRLMYD
QVOEIMIZES. WYTeNT aNIY, BBCONT LJOTFNY zNROT BOOIE &ja00d0es~3), 11
2NB), 12 DO FRWATWT DI, e300 LIOBTBROTT &38CREENS R1 03, R2
&3N3, B8 DO NYE) B0LIeIRIE I0)T SRLNP ), FaveooN 112 * R1 eI, 122 *
R2 Q0R) WDsTRRAWIDICD. STWLO0TW, e, IJNT IR0, 8 IRNY
RVRIDOT NBMIJT3.




154

P. = I?R, + IZR,
B SBLNFT, 3OO 9T3200 20T SN OB TCONITT DTOT €8
SRLNP ST €930, SSTEVA WTBIMISES.
did T
ST IHRA T dieama Jear fafETmed sRiciedn i UiaeRIS SGdd. SR UTyfie T
g fAfETame aTgumRT fagyd watg 11 3T 12 U a=ifaar Tiar sRid 3o Haiferd aesur
gfaRie R1 3101 R2 3qtd, oR 1 fafSmed SIUR dide b Sehd 112 * R1 307 122 * R2
IEUH ad bl oS, Wb, U, THUT e THAM AT T el skoiH fad S,

P. = I?R, + I?R,
gl HIHI SRTSH fbar e Tl SEd TUIdId HRUI B IH dre AT YRR
EENRISE

iv) Eddy current loss
Eddy current loss occurs when a changing magnetic flux induces an electromotive force (emf) in a
closed circuit, resulting in the flow of current within that circuit. The magnitude of this current
depends on both the induced emf and the resistance of the circuit.
In the context of transformers, the transformer core is often made of a conductive material. When this
core material experiences a changing magnetic field, eddy currents are induced within the material.
These currents circulate within the core and can lead to energy losses, which are termed Eddy Current
Losses.
To mitigate these losses, transformer cores are designed with laminations or thin layers of core
material. This design reduces the circulation of eddy currents, minimizing the associated loss. The
mathematical expression for eddy current loss can be derived using specific equations.

P, = k,B2t2f2v

Where,

‘Ke’ is the co-efficient of eddy current. This value mainly depends on the magnetic material’s nature
like resistivity and volume of the core material & the width of laminations

‘Bm’ is the highest rate of flux density in wb/m?

‘t’ is the width of lamination within meters

‘f” is the frequency of reverse of the magnetic field measured in Hz

‘v ‘is the amount of magnetic material in m*
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Stray Loss
Stray Losses in a transformer are caused by the leakage magnetic field. Compared to copper and iron
losses, stray losses have a lower percentage and are often negligible.

Dielectric Losses

Dielectric Losses, on the other hand, occur within the transformer's insulating oil. The insulating oil
is vital for the transformer's performance, and any degradation or reduction in its quality can
negatively impact the transformer's efficiency.
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4.1.6 Efficiency

The ratio of a transformer's output power to its input power is known as transformer efficiency.
The effect of transformer losses is measured by transformer efficiency, which is typically expressed
as a percentage. The following formula is used to measure transformer efficiency:
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n output power output power
N input power N output power + losses
n output power
~ output power + iron losses + copper losses
V,1, Cosp,
n

~ V,1,Cosqp, + P, + P.

Where,

V2 — Secondary terminal voltage

12 — Full load secondary current

Cosdo — power factor of the load

Pi — Iron losses = hysteresis losses + eddy current losses
Pc — Full load copper losses = I2?Res

Consider, the x is the fraction of the full load. The efficiency of the transformer regarding x is
expressed as

x X output x V,1,Cos,

Ll N e Sm— x2I2R

The copper losses vary according to the fraction of the load
Examples on Transformers

1. Asingle-phase transformer has 500 primary and 1000 secondary turns. The net cross sectional area
of the core is 50 cm?. If the primary winding is connected to a 50 Hz supply at 400 V, compute: a)
Peak value of the flux density in the core. b) Voltage induced in the secondary winding.

Solution:

a) @m= B*A= B*50*10* Wb
E=4.44 fNOn

400=4.44 fN@n

400=4.44 x 50 x 500 x B x 50 x 10
B= 0.7 Wh/m?
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b) Voltage induced in the secondary is
Es=4.44 fN@m= 4.44 x 50 x 1000 x 0.7 x 50 x 10
Es=800 V

2. A 100 kVA, 440/220 V, 50 Hz core type transformer has an efficiency of 98.5 %, when supplying
full load at 0.8 power factor lagging and an efficiency of 99 %, when supplying half load at unity
power factor. Find the iron and copper losses at full load

Solution:
B V.I cos¢
"V I cosp 4,
100x10°x0.8
0.985 = 0.985W. +0.985W_ =1200

100x10° 0.8+ W, + W,
Output of transformer at half load with unity power factor
1
5 x100x10° x1.0 =50 x10* Watt

50x10°
50x10° + W, +W.

0.985=

. A50 kVA, 3300/330 V, single phase transformer has iron loss and full load copper loss 400 W and
600 W respectively. Calculate the efficiency at half full load and 0.9 p.f. Also calculate the load at
which the efficiency is maximum

Solution:

B z x kVA x1000 x p.f.
T T ZTXEVAX1000 % p.f. + W; + 22Wey
0.5 x 50 x 1000 x 0.9

0.5 x 50 x 1000 x 0.9 + 400 + 0.52 x 600
= 0.976

= 97.6%

Load at which the maximum efficiency is
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Iron loss

= Full load kV A
ull toad KV \/Fuﬂ load copper loss

100
= 504/ —

*“V 600
— 40823 kVA

4. Ina25kVA, 2000/200 V, s transformer has iron loss and full load copper loss 350 W and 400
W respectively. Calculate the efficiency at UPF at half and 3/4™ full load.

Solution:
1) At half load with UPF The efficiency at any load and p.f is given by

z x kV A x 1000 x p.f.
T T TXEVAX1000 x p.f. + W; + a2Wey
0.5 x25x1000 x 1
0.5 x 25 x 1000 x 1+ 350 + 0.52 x 400
— 0.9652

96.52%

i) At 3/4" load with UPF The efficiency at any load and p.f is given by
x x VA x 1000 x p.f.
xx kVAx1000 x p.f. + W; + 22We,
0.75 x 25 x 1000 x 1
0.75 x 25 x 1000 x 1 + 350 + (.75)% x 400
0.9702

97.02%

n =

5. A 250 kVA, 11000/415 volts 50 Hz transformer has 80 turns on the secondary. Calculate i) Rated
primary and secondary currents if) Number of primary turns iii) Maximum value of flux in the core
iv) Voltage induced /turn on secondary.

Solution:

i)Rated primary and secondary currents

FE1 = rated KV A x 1000

= 200 <1000 _ o9 2o 4
11000
FEly = rated kV A x 1000
I — 250 x 1000 _ 05 44

415




ii) Number of primary turns

B, N,
BN
EINQ 11000 x 80
N]. — —
Es 415
= 2120

iii)Maximum value of flux

By = 4.44f ¢, Ny

415
ﬁbm — 444 % 50 »; 80 = 2336me

iv)Voltage induced /turn on secondary

Voltage in secondary

~ Number pf turn onsecondary

415
= —5.18V
805 8

160
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4.2  Three-phase induction Motors
4.2.1 Concept of rotating magnetic field

When we supply a three-phase power source to a three-phase distributed winding within a rotating
machine, it results in the creation of a rotating magnetic field that rotates at the synchronous speed of
the machine. The magnetic flux generated by the current in each phase can be described by the
equations provided below. This representation of current in a three-phase system is analogous to the
cophasial nature of the flux, meaning that the magnetic field and current are in phase with each other.

300 ONOZBRPT eDRTI-BOIW I3TBVOD IOT]BROTIE aNRTI-BOITI
L)T5T* TRV, VoY) BRTZATIN, V) ONOIFT A0TRASA® RN, 3BTV
3323 FOOIEOD T £33, By R, AIZT. )8 BOITE), T)aoeBROT A3, 8, 03503
T0ILOD BV, TP BT RedITTLINP 0T c)eS3DARWIBIT. eNRTI-BOITI
BB 0N TR.3T S8 DB ITse) BI5S TRCHPRAONEF® X 2I0e3F, BRI,
90333 T0EAD FLF) eI, )00 Pay) BTA,C BOITBA.E.

GiRoMmy e fhrUIR gahig &3 daR gldl o TR GHbIere T fihd. Udd < faggq
RIcaeid faggq varer § UiafHTea wiae &Ik Riad WU 9HH 31Tg, It 31 gad g
&3 3TIUT JaTg UhHG <1 CUTd TR,

(I)R = (.bm Siﬂ(wt}
Oy = ¢, sin(wt — 120°)
bop= Om S}'_n{wt — 240°)

Where, @r, @y and ¢g are the instantaneous flux of corresponding Red, Yellow and Blue phase
winding, om amplitude of the flux wave. The flux wave in the space can be represented as shown
below in Figure 4.4.

\)4//

Figure 4.4 Three phase Voltages
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Now, on the above graphical representation of flux waves, we will first consider the point O.
Here, the value of @R is

¢R = @Pm Si]l(ﬁ) =0

The value of @y is

3
Py = ¢ sin(0 — 120°) = ¢y, sin(—120%) = —%ém
The value of g is
¢p = P sin(0 — 240°) = ¢y, sin(—240°) = ?@m

The resultant of these fluxes at that instant (¢r) is 1.5¢m which is shown in the figure 4.5 below.

Cbr = 1.5Cbm

Figure 4.5 Resultant Flux case i

Now, on the above graphical representation of flux waves, we will consider the point 1, where wt =
7/ 6 or 30°.
Here, the value of ¢r IS

1
¢r = dmsin(30°) = 5 bm

The value of @v is

Oy = Om Si_n_(.?,ﬂo - 1200) = @m 5111(—900) = —Onm
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The value of @g is

1
¢p = &, 5in(30° — 240°) = ¢, sin(—210°) = §¢m

The resultant of these fluxes at that instant (¢r) is 1.5¢m wWhich is shown in the figure 4.6 below. here
it is clear that the resultant flux vector is rotated 30° further clockwise without changing its value.

<1>r =150

Figure 4.6 Resultant Flux case ii

Now, on the graphical representation of flux waves, we will consider the point 2, where ot = /3 or
60°.
Here, the value of @R iS
3
dr= b sin(60°) = L4,
The value of @y is

by = G sin(60° — 120°) = ¢, sin(—60°) = —?qﬁm

The value of @g is

B = by sin(60° — 240°) = &, sin(—180) = 0

The resultant of these fluxes at that instant (gr) is 1.5¢m Which is shown in the figure 4.7 below. here
it is clear that the resultant flux vector is rotated 30° further clockwise without changing its value.
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Figure 4.6 Resultant Flux case iii

Now, on the graphical representation of flux waves, we will consider the point 3, where ot =m /2
or 90°.

Here, the value of @R is
PR = Om sin(90°) = ¢y,
The value of @y is

1
By = P 5in(90° — 120°) = @, sin(—30°) = ——

5 $m

The value of @g is

1
¢p = 0, 8in(90? — 240?) = ¢,,, sin(—150°) = —Bt‘bm

The resultant of these fluxes at that instant (¢@r) is 1.5¢m which is shown in the figure 4.7 below. here
it is clear that the resultant flux vector is rotated 30° further clockwise without changing its value.

Figure 4.7 Resultant Flux case iv
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4.2.2 Principle of operation of Induction motor

The three phase induction motor works on the principle of electromagnetic induction. When a three
phase supply is given to three-phase winding of the motor, a magnetic field is produced which rotates
at synchronous speed. The rotating flux passes through the air gap and cuts the rotor conductors
which are at rest. The rotor winding is short circuited, therefore, the current will flow in the rotor
winding due to induced emf & a magnetic field is setup.

DRV BOITW YOWTD® 3R T°  dT3)539,03(0D YOBTD® I3 B a3
FOONE VW EPAZ . BRCEIE 3DRTI-BOIT  HOTBROTOE DRI BOITW
RPTBGTONI, RN, A0TRSA  RENTS), 3T T0IAD  FLI30,
QT NRIMIBE. 30BN BV MY O E90ITT eNRDT TBOTIBRLMIZ T aD3I),
e)TY03CNA) TS BRLEIT® FTOWI,NEY, TIDRIEW. BRCET® LDOBOTT Té3's
ATR;EF SN, 3T DO, BILD3 BRTRF R IOT BRLEIT® JOROTFIE) &jadoBa))
BOONI T DI, TOOILAD T LI)a33), BRODRCIINT.

A Tol QRAST dhell STl degl Uh Jab1d &F dIR Bld of YHbIere aiH fthrd. fhRURT varg
AT SARTGT STl ST fasiicfiar Sracie AR Hade’dl HIUd!. e g JTe Jidhe dhad
3{Te, TeUH, YA STHUHH XIeR [dfSTHed fagyd Uarg a1g arid 31l ga g &3 Y3y 31Tg.

Now these two magnetic field interact, a torque is produced. According to Lenz’s law under the
influence of this torque, the rotor starts rotating in the same direction as the rotating magnetic field.
The speed of the rotor will be always less than the speed of the field. The emf in the rotor is induced
by the law of electromagnetic induction, therefore, this motor is called induction motor.

BN BB VB 0sN1€83T° NE F0WB®, E30T°E Q03,30 T. 8 30T,
TYRRT BN, ST, TOSRIS I)TOT, TREET® 3T To0ICOD
F330303¢ e9T3¢ DB, 3TINEN DYTOLRIZ . BREETE 3eMag) 00N
T3 R3eM3,03 FLDONTFNIR. BRLEATEA.S BRI RFH® )T3539,03¢03 BOWF®
AODTDDOT IBRBEDRE, £33, e3TBD0T, S8 RBRCEDT® 9, BOBT® a3/0CE300°
DNOT) TCANIMI .

3TAT B GF a1 &3 IRERYAIG Hald, U <l daR gidl. IT Sidadl GHTaRaTa a=gredl
AR, AR ThRd e Jadbiy &= faRM fihs arTdl. Jear 9T 484! hies Al
YT HH 3. AN SUATH Salae e Ssarr=a HaHgR IRd 3iig, TUE, a1
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4.2.3 Constructional features of motor, types — squirrel cage and wound rotor.

The stator of the three-phase induction motor as shown in figure 4.8 below consists of three
main parts : 1. Stator frame, 2. Stator core, 3. Stator winding or field winding.

Lifting bolt- N Shat
Stator frame ______\ @

Stator core =
Stator slots ' »

Three phase
stalor winding —

Terminal
box

Rotor bars
End ring

Squirrel
cage rotor

Base support —p»[__

Sectional view
Figure 4.8 Construction of Three-Phase Induction Motor

1. Stator: It is the stationary part of the motor. It has three main parts: Frame or Yoke It is the outer
part of the three-phase induction motor. Its main function of the frame is to support the stator core &
stator winding. It acts as a covering, and it provides protection & mechanical strength to all the inner
parts of the three-phase induction motor.
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W
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Stator core: The main function of stator core is to carry the alternating flux. In order to reduce the
eddy current loss, the stator core is laminated. The core is made up of thin silicon steel laminations.
These are insulated from each other by varnish, the slots are cut on inner periphery of core stampings.
The stator windings are placed in these slots.

B LT TRCTF DNND;s FOONEOWT TOIREDOD BT, €90, AONRIHT). Y,
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Stator windings: Stator winding is made up of super enamelled copper wire. Three phase windings
are placed in the stator core slots & six terminals are brought out. They may be star connected or may
be delta connected. The windings are connected in star at starting.

JLEO* doBomnt: F LT DOBOMTF ARBT® AN, I I03ANOTW
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nN =Y
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Rotor:- It is a rotating part of the motor. It is mounted on the shaft. It consists of hollow laminated
core having slots on its outer periphery. The windings placed in these slots (rotor winding) may be
one of the following two types:

* Squirrel cage rotor
» Slip ring rotor or wound rotor or phase wound rotor.
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Squirrel cage rotor

* The rotor consists of a cylindrical laminated core with parallel slots for carrying the rotor
conductors. The squirrel cage rotor consists of aluminium, brass or copper bars. These aluminium,
brass or copper bars are called rotor conductors & are placed in the slots on the periphery of the rotor.
The rotor conductors are permanently shorted by the copper, or aluminum rings called the end rings.
To provide mechanical strength, these rotor conductors are braced to the end ring & hence form a
complete closed circuit resembling like a cage & hence got its name as squirrel cage induction motor.

BRCET%:- YT RBRCEVDS 3TN 20NN, BT, Toay, a30le3 BettdmedNT.
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TP 3 DT
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End ring

Rotor Bars
(slightly skewed)

Figure 4.9 Squirrel Cage Rotor

Slip ring rotor or wound rotor or phase wound rotor

e The wound rotor consists a slotted armature. Insulated conductors are put in the slots &
connected to form a three-phase double layer distributed winding similar to the stator winding. The
rotor windings are connected in star.

« Wound CBuat&T* Raf3* 0RET 33002 T° ©93),; BRODRNIT. |,3CE3E
FOBBO MY, AALI NP TTOMBE aNI), R LE3T¢ LOBOTTFIO30NC e T0-
2O3T B SCONT® IIDAT DOBOTT &), CRIIL) AOBIERIMIZT.




169

BUetET* OB PN, STIHTE), FORBFE AN,
- I3S AL WICS AR 3. IeIcs HadeR WeHH dad SIdrd SfoT Tex fafeT
SilSad 3fTgd.

i /S'bﬂfm
)/Snaﬂ
<— Brush
R Y B
N
Extemal star
) connected rheostat
Rotor
frame

Figure 4.10 Slip Ring Rotor

The open end of the start circuit are brought outside the rotor and connected to the insulated slip
rings. The slip rings are mounted on the shaft with brushes testing on them. The brushes are connected
to three phase variable resistors connected in star. The purpose of slip rings & brushes is to provide
a means for connecting external resistors in the circuit.
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4.2.4 Slip and its significance

When the induction motor is fed with a three-phase supply, a rotating magnetic field is produced.
The speed of the rotating magnetic field is known as the synchronous speed(Ns) of the motor. The
magnetic field produced in the motor gets linked to the rotor conductors which are short-circuited by
the end rings.

BOWTD® RCET® 9T); EDRTI-BVOITW  FRTZTABRODT &N, 3ToTHEs
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The linked flux to the rotor conductors induces a voltage in the rotor, and as the rotor conductors are
short-circuited, the current starts flowing through the rotor conductors. Due to an interaction between
the magnetic field and the rotor current, the torque is produced and the rotor starts rotating. Let the
rotating speed of the rotor is N.
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In an induction motor, the rotor speed always lags the synchronous speed of the rotating magnetic
field. The induction motor is called an asynchronous motor because the actual speed of the motor is
always less than the synchronous speed of the motor.
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RRLEIVDIT AOTRTA® 3CN 3,08 TRENANTII.

The difference between the speed of the rotating magnetic field or synchronous speed and the actual
speed of the rotor or motor is known as the slip of the motor. The slip can be mathematically
expressed as;

3T To03OD FLITW M 9GP0 AOTRSA® &N 2DIB), AW SIS
35395 ™
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Percentage slip,

o e NE;N X 100

Why Slip is a must for the operation of an Induction Motor

The torque is produced when the current flows in the rotor conductor. If the slip is zero, no EMF will
be induced in the rotor conductor and hence there will be no flow of the current in the rotor circuit.
The torque is produced due to an interaction of the main flux and the rotor current. If the rotor current
is zero, the motor will produce no torque. In absence of the slip, the operation of the motor is not
possible. The torque produced in an induction motor is proportional to the slip. The torque equation
of the induction motor is as given below.
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2mng
Ry= Rotor Resistance/Phase
X= Rotor Reactance/ Phase

s =Slip of the motor
ng= Synchronous Speed of the motor

From the above torque equation of an induction motor, it is clear that if the slip is zero the torque will
be zero. When the load on the motor increase the slip gets increased and the speed of the motor
decreases slightly, thus the motor delivers higher torque for driving the load. From the above torque
equation of an induction motor, it is clear that if the slip is zero the torque will be zero. When the
load on the motor increase the slip gets increased and the speed of the motor decreases slightly, thus
the motor delivers higher torque for driving the load.
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Examples on Three-phase induction Motors

1. A 3-phase, 4-pole induction motor is connected to a 50 Hz supply. The voltage induced in the
rotor bar conductors is 5 V when the rotor is at standstill. Calculate the voltage and frequency induced
in the rotor conductors at 500 RPM.
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Solution:

120 f 120 x 50

Synchronous speed, Ng = 5 1 = 1500 RPM
Ng— N, 1500 — 500
Slip, s = 5 = = 0.67
Ng 1500

Therefore, corresponding to the slip 's’,

Induced voltage in rotor, V, = s Vo = 0.67 x 5 = 3.35 V

Rotor frequency, f, = s f = 0.67 x 50 = 33.5 Hz

2. A 3-phase, 50 Hz induction motor has 8 poles and operates with a slip of 4 % at a certain load.
Determine the frequency of the rotor current.
Solution:

Rotor current frequency, f, = s f = 0.04 x 50 = 2 Hz

3. A three phase, 12 pole, salient pole alternator is coupled to a diesel engine running at
500rpm. It supplies an induction motor which has a full load speed of 1440 rpm. Find the
percentage slip and number of poles of the induction motor.

Solution:
Frequency of supply to the induction motor f = pn/120 = 12 x 500 / 120 = 50 Hz
Speed of Induction motor = 1440 rpm,
Number of poles of induction motor = p = 120 f/ n = 120 x 50/1440 = 4.16
The number of poles is to be even, selecting the nearest even number as the number of poles
p=4
Synchronous speed of the induction motor Ns = 120f/p = 120 x 50 /4 = 1500 rpm
slip = (Ns — N) / Ns = (1500 — 1440)/ 1500 = 0.04
Percentage slip =4 %

4. If the induced emf in the stator of an 8 pole induction motor has a frequency of 50 Hz and

that in the rotor is 1.5 Hz, at what speed is the motor running and what is the slip?
Solution:

f=50Hz and fr = 1.5 Hz,

Ns = 120f/p = 120 x 50/8 = 750 rpm

We have fr = sf

Hence s= fr/f = 1.5/50 = 0.03

Hence N = (1- s)Ns = (1- 0.03) x 750 = 727.5 rpm
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5.1 Domestic Wiring

Casing and Capping

PVC

Figure 5.1 Casing & Capping

This type of wiring is very popular. Because this wiring system is very easy to do and it is also very
cheap. If it is done above the walls, then anyone can fit it very easily in this wiring fitting, the wires
are placed inside the plastic casing or wooden enclosures. It is a kind of open fitting it is covered
from the top so that it looks good and looks more secure.

Advantages
* This wiring system is much easier and cheaper than other wiring systems.
* This wiring system is very strong and long-lasting.
* One can make changes to this wiring very easily.
* There is no risk of electric shock as it covers the wires well.
* If phase and neutral follow a different path, repair becomes easy.
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Disadvantages
If there is a fire in the wires inside it, then this whole fitting can burn.
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5.1.2 Two way and three-way control of load

The lamp circuits used for house wiring are quite simple and they are generally controlled from one
point, such as room lighting, bath room lighting etc., but in stair case it is necessary to control the
lamp circuit from two points i.e., one at the top of the stair case and other at the bottom of the stair
case. Similarly in big halls, corridors or bedrooms, it may be necessary to control the lamp from two
points. In such cases a two-way control of lamp circuit is used for wiring. Fig.5.2 below shows the
way in which the connections are made to control a lamp from two points. Two, two-way switches
are used. The wires used between the switches are called strap wires.
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Switch 1 Switch 2

Figure 5.2 Two-way connection of lamp

For the positions of the switches as shown in above Fig.5.2, i.e. when switch 1 is in position A and
the switch 2 is in position D, the lamp circuit is not closed and hence the lamp is dark. Let us say that
the switch 1 is in the down stairs and switch 2 is in the upstairs. When switch 1 is changed to position
B, the lamp circuit is closed and hence the lamp glows. Walking on to the upstairs, if the switch 2 is
changed to position C, again the circuit continuity is broken and the lamp is switched off. Thus, the
lamp can be controlled from two points. The same switching operations may be repeated while
coming down stairs. Table 5.1 below gives the positions of switches and the lamp conditions, whether
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it is ON or OFF.

2D Fig.5.2 3€). 30330303 AL NY TSNP, 903 2,23 1 A,SEE). A
DI, AT 2 ASTATON, DT ITR;EET 3023, 30D, 3T O0T DB
MBINRI . .23 1 FPNST DE,INTAR aNIY, 3.5° 2 DT BRI
NOTD DCEPD. AT 1 O, W AT, WBUANAWNR, BE A€
WNW,O MBI NI, STO0W Ry DVRFONIE. [DBROD  ante3
SBRTRORY, AL 2 93, A AT, WBONATWT, a3, ATR56¢E3° DT03TIO
DD TRLNIZT aNI), BTy A3 e35° SIS, dofMman, D@3, NTTW
DOTINPOT  AODNOIRVTITD. &Ny TYR 20T B¢ A 307
TOONREWTB/NP I, )00 IEAWTIR). IPNS TR, T 5.1 A NE o SNeD
23, DBR 2 3NPIN, AERBIZT, eI e3° e9ed0 e3° e3NTE.

R e 5.2 AL SRIGeTymT e NiRFaETe!, B sl fag 1 Ryt A 7& 3Rl
3107 R 2 D wed Sl degl fear Fidhe dE gid Arel i Ares fadT SiURTd S/ ¥d). SMUur 38
U St g 1 @rell yrg=aig el e 3fo7 o 2 a1 Aeeiar 3le. wiegl g 1 B fRciid
Seadl odr, dagT faar Tfde dg gid it e faar aHdd!. a1 AoledTar aTed S/&d,
& 2 I RIM ¢ 4 I aed™, U1 Tichem Iacd Ted gid 3T faar sig g, Si=m ueR, faar
& foidurg A e oTe, Tl =T SavdHT Jard RafdT SRt TRIgs 813
Y d. Wcite ddar 5.1 et fRydt onfor feeard fRyet &d, 771 d e 3l fdhar §a.

Table 5.1 Positions of switches and the lamp conditions

S.No. | Position of switch 1 Position of Condition of lamp
switch 2
1. A C ON
2. D D OFF
3. B B ON
4, B C OFF

Three-way Control of lamp or Corridor lighting

In case of very long corridors, it may be necessary to control the lamp from 3 different points. In
such cases, the circuit connection requires two; two-way switches Sland S2 and an intermediate
switch S3. An intermediate switch is a combination of two, two-way switches coupled together. It
has 4 terminals ABCD. It can be connected in two ways.

a) Straight connection

b) Cross connection

In case of straight connection, the terminals or points AB and CD are connected as shown in figure
5.3 (a) while in case of cross connection, the terminals AB and CD is connected as shown in figure
5.3 (b). As explained in two —way control the lamp is ON if the circuit is complete and is OFF if the
circuit does not form a closed loop.




b-

L
5 Supply
N
N
S5 @ Sp
Ty
»
e
Figure 5.3 (a) Straight Connection
|
@ L
Lamp -
o Supply
N

s3 (2)

AsNB

52

(%)

3@

CS_~D

Figure 5.3 (b) Cross Connection

o/

178

The condition of the lamp is given in the table 5.2 below depending on the positions of the switches

S1, Sy and S3

Table 5.2 Positions of switches and the lamp conditions

Position of 53 Position of §1 Pasition of 52 Condition of the
lamp
1 3 ON
1 1 4 OFF
Straight connection 2 3 OFF
2 4 ON
1 3 OFF
2 1 4 ON
Cross connection 2 3 ON
2 4 OFF
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5.2 Electricity Bill: Definition of “unit” used for consumption of electrical energy, two-
part electricity tariff, calculation of electricity bill for domestic consumers.

5.2.1 Definition of “unit” used for consumption of electrical energy
The unit of electrical energy consumed is 1 kWh. One kilowatt-hour is the electrical energy consumed
by an electrical appliance of power 1 kW when it is used for one hour. Thus, 1kWh=1kilowattx1hour.
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1kWh=1kilowattx1hour.

5.2.2 Two-Part Electricity Tariff

When the rate of electrical energy consumption is charged on the basis of maximum demand of the
consumer and the units consumed, is known as two-part tariff. In case of two-part tariff, the total
charges are spilt into two components viz. fixed charges and running charges. The fixed charges
depend upon the maximum demand of the consumer whereas the running charges depend upon
number of units consumed.
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5.2.3 Calculation of Electricity Bill for Domestic Consumers.

Example:
Suppose, a consumer consumes 1000 watts load per hour daily for one month. Calculate The Total
Energy bill of the consumer if per unit rate is 9.

Solution:
1 Unit = 1kWh.
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So the Total kwWh = 1000 Watts x 24 Hrs x 30 Days = 720000 ... Watts/ hour.
We want to convert it into electric units, Where 1 Unit = 1kWh.
So the total consumed units by user: = 720000/ 1000 ... (k= kilo =1000).

Total Consumed Units = 720.
The cost of per unit electricity is 9.
Therefore, the total Cost of Electricity Bill = 720 units x 9 = 6480.

5.3 Equipment Safety measures
5.3.1 Working principle of Fuse and Miniature circuit breaker (MCB), merits and demerits.
Electric Fuse
An Electric Fuse is an Electric device which interrupts the flow of current in an Electric circuit. It is
installed in a circuit to stop the flow of excessive current. A Fuse is usually a short piece of wire. The
Fuse is made up of a material which has high resistivity and low melting point, so that it melts down
due to overheating of the wire during high current flow. The thickness of the Fuse wire is determined
based on the amount of current flow in the circuit.
Normally an alloy of tin and lead is used as the Fuse wire, as it has high resistivity and low melting
point. If a fault causes a flow of excess current, then a thin Conductor is used to break the Circuit by
melting or separating it, the thin Conductor used is known as an Electric Fuse.
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Electric Fuse- Working Principle

The Electric Fuse works on the basis of the heating effect of the Electric Current. It is composed of
a non-flammable thin metallic wire with a low melting point. If a high amount of electricity is passed
from the Electric Fuse, there is a production of heat which causes the Fuse to melt which leads to the
opening of the Circuit and the blockage of Current. Once a Fuse melts, it can be changed or replaced
with a new Fuse. A Fuse is normally made up of elements like zinc, copper, aluminum and silver. A
Fuse acts as a circuit breaker and breaks the circuit in case any fault occurs in the circuit. It acts as a
protector of Electric appliances and also as a safety measure for humans.
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Figure 5.1 A basic Fuse
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Miniature circuit breaker

MCB is an automatic switch that opens when excessive current flows through the circuit. It can be
reclosed without any manual replacement. In the case of a fuse, once it has been operated, it must be
replaced or rewired, depending on the type of the MCB. Hence, fuse is known as one of the sacrificial
devices. This is the main reason why MCBs are used as an alternative to the fuse in most of the
circuits. Also, whenever there is a fault in the circuit, the switches in the MCB automatically shut
down and the fault of the device can be easily detected. Handling MCB is relatively safe, and it
quickly restores the supply. MCB — Miniature Circuit Breaker can be reset quickly and does not
demand more maintenance costs. MCB works on a bi-metal respective principle that protects against
overload current and solenoid short circuit current.
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Working principle of Miniature circuit breaker
When the current overflow occurs through MCB — Miniature Circuit Breaker, the bimetallic strip
gets heated and deflects by bending. The deflection of the bi-metallic strip releases a latch. The latch

Magnetic
(a) element (b)
. Closed Open
ggf’ contacts contacts
Load g Line Load ™ _ Line

Bimetal element Latch

causes the MCB to turn off by stopping the current flow in the circuit. This process helps safeguard
the appliances or devices from the hazards of overload or overcurrent. To restart the current flow,
MCB must be turned ON manually.
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An MCB is asimple, easily operable device and is maintenance-free too. MCB can be easily replaced.
The trip unit is the key part of the MCB — Miniature Circuit Breaker on which the unit operates. The
bi-metal present in the MCB circuit protects against overload current, and the electromagnet in the
circuit protects against short-circuit current.
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5.4 Personal safety measures
5.4.1 Earthing and its types

Electrical Earthing or Grounding

To connect the metallic (conductive) Parts of an Electric appliance or installations to the earth
(ground) is called Earthing or Grounding.

In other words, to connect the metallic parts of electric machinery and devices to the earth plate or
earth electrode (which is buried in the moisture earth) through a thick conductor wire (which has very
low resistance) for safety purpose is known as Earthing or grounding.
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Methods and Types of Electrical Earthing
Plate Earthing

Pipe Earthing

Rod Earthing

Earthing through the Waterman

Strip or Wire Earthing
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Plate Earthing:

In plate earthing system, a plate made up of either copper with dimensions 60cm x 60cm x 3.18mm
(i.e. 2ft x 2ft x 1/8 in) or galvanized iron (GI) of dimensions 60cm x 60cm x 6.35 mm (2ft x 2ft x %
in) is buried vertical in the earth (earth pit) which should not be less than 3m (10ft) from the ground
level. For proper earthing system, follow the above-mentioned steps in the (Earth Plate introduction)
to maintain the moisture condition around the earth electrode or earth plate.
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Figure 5.2 Plate Earthing

Pipe Earthing: A galvanized steel and a perforated pipe of approved length and diameter is placed
vertically in a wet soil in this kind of system of earthing. It is the most common system of earthing.
The size of pipe to use depends on the magnitude of current and the type of soil. The dimension of
the pipe is usually 40mm (1.5in) in diameter and 2.75m (9ft) in length for ordinary soil or greater for
dry and rocky soil. The moisture of the soil will determine the length of the pipe to be buried but
usually it should be 4.75m (15.5ft).
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Figure 5.3 Pipe Earthing

Rod Earthing

It is the same method as pipe earthing. A copper rod of 12.5mm (1/2 inch) diameter or 16mm (0.6in)
diameter of galvanized steel or hollow section 25mm (linch) of Gl pipe of length above 157 2.5m
(8.2 ft) are buried upright in the earth manually or with the help of a pneumatic hammer. The length
of embedded electrodes in the soil reduces earth resistance to a desired value.
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Figure 5.4 Rod Earthing

Earthing through the Waterman

In this method of earthing, the waterman (Galvanized GI) pipes are used for earthing purpose. Make
sure to check the resistance of Gl pipes and use earthing clamps to minimize the resistance for proper
earthing connection. If stranded conductor is used as earth wire, then clean the end of the strands of
the wire and make sure it is in the straight and parallel position which is possible then to connect
tightly to the waterman pipe.
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Strip or Wire Earthing: In this method of earthing, strip electrodes of cross-section not less than
25mm x 1.6mm (1in x 0.06in) is buried in a horizontal trench of a minimum depth of 0.5m. If copper
with a cross-section of 25mm x 4mm (lin x 0.15in) is used and a dimension of 3.0mm?2 if it’s a
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galvanized iron or steel. If at all round conductors are used, their cross-section area should not be too
small, say less than 6.0mm?2 if it’s a galvanized iron or steel. The length of the conductor buried in
the ground would give a sufficient earth resistance and this length should not be less than 15m.
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5.4.2 Safety Precautions to avoid shock

1. The first step of electrical safety, avoid water at all times when working with electricity. Never
touch or try repairing any electrical equipment or circuits with wet hands. It increases the
conductivity of the electric current.

2. Never use equipment with frayed cords, damaged insulation, or broken plugs.

3. If you are working on any receptacle at your home then always turn off the mains. It is also a good
idea to put up a sign on the service panel so that nobody turns the main switch ON by accident.

4. Always use insulated tools while working.

5. Always use appropriate insulated rubber gloves and goggles while working on any branch

circuit or any other electrical circuit.

6. Never try repairing energized equipment. Always check that it is de-energized first by using a
tester.

7. Never use an aluminum or steel ladder if you are working on any receptacle at height in your

home. An electrical surge will ground you and the whole electric current will pass through

your body. Use a bamboo, wooden or a fiberglass ladder instead.
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